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GENERAL INTRODUCTION AND SUMMARY

a3 databases becomne more and more comelex, the need for a
mathematical theory of databases becomes stronger and stronger. In
recent years several attempis to formalization emerged, but only a
fow of them meet standards of mathematical rigour. Furthermore, the
rigorous prxoposale together covey only a2 few topics, most of which
axe at the conseptual level. (Some normular tomics are the relational
model and the so-called dependenciss.) & compyehensive mathematical
theory of databases, however, should nrovide for medels at various
lavels of specification. Examples of models at different levels of
specification are the relational model and, at a lower level, the
netwerk model (see [UL 801, [Da 81), or {®e 84]). The network modesl,
however, is hardly formalized.

This thesis contains a mathematical theory of databases that
acsounts for models at three different levels of specification. A
type I model corresponds, more or less, to a relational model in which
all (relavant) statig integrity constraints are included. An important
notion in terms of this model is that of a DB function, roughly
speaking, a function that *links” two tables in & type | model. A
type £ model can now be described as a tyme 1 model extended with
(names for) a "selected" set of DB functions. Both models are defined
in chapter 1. A sequentigl storage structure (see chapter 2) is a
model at & third level of snecification and can be used to describe
the semanties of those statements that express "dixect-sequential®
access to databases.

The fore-mentioned models are introduced in Pext I of this
thesie. The dafinitions are of a purely set theorstlcal nature and,
henee, not based on vaguely defined sconcepts like “"entity" or "atomie
value". Instead, the notiens of sef and function will play a central
role. Chapter 0 contains the basic set thecretical notions used in
this thesis.

In Part II, three clagses of retrieval languages are considered,
namely, programming languages, concentual languages, and fragments of

a natural language. These classes of languages are described by means



of twoelavel grammars. Syntax-dirscted translations {based on these
grammars) are given from the natural langueage fragments into the
conceptual languages and from the concentual languages inte the
programming languages,

The =emantics of the languages can bo described in terms of the
modals introduced in Part I. Thus, although Part II is interesting in
its own right, it alsc illuslbrates the usefulness of the theory
developed in Part I.

The class of concentual languages ig intreduced In chapter 4
and contains both languages in the style of “relatipnal caleulusg" and
languages in the style of “"relational algebra" (and intermediate forms
as well). #pecial attention is paid to conceptual languages that are
"fit for" a type 2 model,

The programming languages are "PASCAL-like" (see chapter 5), but
they alse contain a small set of primitive “database statements". The
semantics of these statoments is explained in terms of sequential
storage structures.

Tranzlaticons from the non-procedural retrisval languages from
¢hapter 4 into the procedural retrieval languages from chavcter 5 are
given in chapter &. These translations also take into account the
typlical database problem of currency conflicts.

The general structure of gueries in English - the natural
language treated here - 1g deseribed by means of a btwo-level crammar
(see chapter 7). Per considered application, the grammar has to be
extended with production rules that introduce the words and chrases
that are characteristic for that application.

A syntax-directed translation from the structures nresented in
cshapter 7 into those of chapter 4 is given in chapter B. The trans-
lation satisfiles and preserves the (structural) conditicns on the
Form of the transzlation result that were explicated in secticn 8.1.
These cenditions should serve as a guideline for dafining the trans-
lation of the application-dependent phrases.

The following =scheme summarizes in which chapters the various
languages and translations are presented. NL, CL, and PL stand for

natural, conceptual, and programming language, respectively:

NL CL pL
7 a 4 G 5
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The modulagrity of the translation system is due to the inter-
pogition of the conceptual language. This might become wlear when we
visualize the situation that severgl (fragments of) natural languages
ares connected with the same database:

NIy

NL2 CL ——»—FPL

NL3
or that, moreover, several programming languages are used (=savy, in

course of time):

/PLI
NL1 . ~
<y PL2
I‘IL2 CL é-:‘-L_
; ~ - PL3
NL3 . .
4

Thus, with n natural languages and m programming languages, only n + m
tranzlations are needed.

The interdependence of the c¢hapters is as followsa:
2 &
7 ’ |3
I |
3 1

Since the well-known suppliers-parts-projects and emplovees-
departments examples are too simple to illustrate some of the more
intriguing database broblems, the appendix containg a monryivial

exanple of a type 1 model and a type 2 model (for some flctitious



haspital) in order to show the usefulness of our theory in practice.
For the same reason, the appendlx alse contains a grammar for a
fragment of English relevant to the hospital concerned. This grammar
is an example of an application-desendent sxtension of the anclica-
Lion-independent grammar from chapter 7. Finally, the fragment of
English is translated in agreement with the conditions mentioned in
section 8.1,

Wae finally noto that the syvmbol O is used to indicate the eond
of an example, that "iff" gtands for "if and only 1if", and that the

D D
symbols + and = stand for “is by definition”.

iv



FART |. DATABASE MCDELS

0. PRELIMINARIES

The purpose of this chapter is to settle our basle terminclogy
and neotations.
R iz a xelation E % is a set of ordered palrz. If R is a relation

then:

dom (R) b {x 1 (%;y) £ R}, called the domain of R;

¥ng (R) E {y | (x:y) e R}, called the range of R;
R LR {(y;) | Guy) ¢ R}, called the invense of R.

F is a function g F ig a relation and for every (x;y) € F and
(x:;y') ¢ Fwe have y & y'. Sometimes we use the word fuple as a
synonym £or "function”. A function is a smecial kind of relation, s0
each notion defined for relations also apnlies to functions. If F is a
function and x ¢ dem(F) then we dencte the unique y for which
{x;y} & F by E(®), as wsual, or sometimes by F_. By the pra—timoge of v
wnder F we mean the set {x ¢ dem(F) | F(x) = yl. We note that @, the

smpty s&t, ie also a funsotion and that dom(@) = rng(f) = 8.

If f and ¢ are functions then:
go €2 ((xig(fl))) | x e dom(f) and £(x) & dom(g)],
called the composition of g after £.

If £ iz a function and A ig a set then:
£ral flsy) ¢ £ | % ¢ A}, i.e., £ restricted to A.

If T iz a set of functions and A is a met then:

rhalietalferl, i.e., T projecied on A.

If A is & set then:
£ is a function cver A & f is a function and dom(f) = &;
£ is a funotion inte A & £ 1c a function and rng (£} € A;

. D
f ig 2 funation onte A ® £ is a function and rng(f) = Al



If A and B are sets then:
D
Aa+B=(f | fis a function and dom{f) = A and rng(f) < BL,

known as the set of all functions £rom A into B.

-1 .
r ig an jiniection R F iz a funstion and F is a function. Thus,
F is an injection if and only if F is a function and
Yuacrdom(F): ¥Yu'edom(F): 1F F{x} = F(x') then x = x'. An injection ls=

alzo called & ome—to—or2 function.

If n € I then:
F is an _1_:;3.3&2 F is a function ovar {k ¢ IN | k < n}. Here ™ Qe-
notes the set of natural numbers, i.e., including CG. Netation: =x*
dengtes the l-tuple F defined by F{0) = x, <x;y> denotes the I-tuple G
dafined by ¢:(0) = x and G(1) = y, otc.

F iz & EHﬂHEEEE.R dneIN: F iz an n-tuple. We neoto that (£ F i3 2
sequence then there is exactly ong n ¢ IN such that P is an n-tuple;
this natural number is called the length of F. A sequence is a special
kind of function, so each notion defined for functions alseo amplies to
sequences! We note that £ is also a seguence, the empty sequanca.

If f and g are seguences then we define £ & g, the concatengtion
af £ and g, as follows:

When n is the length of f and m is the length of ¢ then £ & g is the
funstion over {k ¢ M | k ¢ n4m) defined by
£k} if 0 &k <n,

& oglky =
glk-n) ifn =2k < nim

We define the genevalized coneatenation of & sdquence of sequences

recursively on the length of zuch a sequence:

g

Gooncly & <g¥) = Goonc(y) &% g where g is a seguence and

Goone (@)

Y iz a Feqguenca of REEeJUENCES .

If A i=s a set then:
éi 2 1f | £ is a sequence and rng(f) = Al; Ei_g a¥ - o
F iz an enumeration of A 3 F iz a seguence and rng{F) = A and F is
one-to-one. We note that if there is an enumeration of A then A iLs a

finite set (and conversely).

Finally we give some miscellaneous definitions including some

generalizations of {morae) familiar ones.



(1)

If Wis a set of sats then:

uw Loy | JacW: % ¢ A}, called the generalized union of W.

o
F iz a set functicn ® F iz a function and Yxedom(F): Flx) iz a

SEtcl) .

If F is a set function then:
1§ D {£ | £ is a function over dom(F) and Vxedem(£): £(x) ¢ Fix)},
called the gemeralised product of F.

Ju}
F is a function-valued function = F is a functien and

Vxedom{F): F{x) is a function.

If F and G are function-valued functions then:
GeF B {Giemertn)) | x ¢ dom(E) n don(a)), called the generalizad
compoattion of G affer F. In other words, G @ F is the function aver
dem(F} n dom(G) defined by G @ F(x) = G(x) = F(x) for every

® & dom(F)} n domi{d) .

(1) Fox readers familiar with axiomatic set theory we remark that we
use a paive set theory in which we do not presuppose that avery-
thing is & set.



1.  TWO CONCEPTUAL DATABASE MODELS

Dl.1: If A i=s a =at then:

] .
T iz a table over A * T i3 a set of functions over A.

Brample 1.1: Pigure 1.1(a) shows a table Tl over

al {DPT,NAME,NR,SAL,SEX} and figure 1.1(b) shows a takle T2 over

A2 = {DNR,NAME,MAN}. The table T2, for instance, consists of the two
functions & = {(DNR;5), (MAN;7), (NAME:planning) } and

t' = [(MAN;9), (DNR;7), (NAME; production) }. Indeed dom(t) « dom{t'y = AZ,
as required by the definiticn. Furthermore, t(DNR) = 53, GTIMAN} = 7,

and so forth. {(We note that MAN stands for “managexr™.)

NR NAME ZAL SEX DeT DNR NAME MAN
g | smith | 1200 ¥ 7 5 planning 7
7 Jones 1309 8 [} 7 production 9
2 | Brown 1300 W 7
(a) {b)
Figure 1.1. An employee table and a department table. 0

If figure 1.1 shows all of the information relevant to a certain
(small) company at & particular moment, then this "snapshot™ can be
reprosented forwally by a function vl over, say, {BMPL,DEP} defined by
w1 (EMPL) = T1 and v1{DEP) = TZ, thug distinguishing the employee table
from the department table, If gl is the funetien over {DEFR,EMPL]
defined by yl(EMPL) = Al and gl(DEP) = A2, then vl is what we oall a
Q4 gnapshot cver gl. We define this notion for arbitrary sebt functions

g

Dl,2; 1f ¢ iz 2 set function then:

¥}
v is a DB snapshot over g # v iz a function over dom(g) and

YEedom(g): v(E) is a table over

glE).



If v is & DB snapshot over a sat function g than <g;v> is called
& type 1 snapshot.

In our example, vl represents the state of affairs of the company
at one particular moment. The state of affairs at an other moment will
be represented by a(n other) function vZ¥; vi must also be a function
over {DEP,EMPL} such that v2(BEP) is a table over AZ and v2(EMPL) is a
table over Al. In other wordz, v2 must alsc he & BB snapshot over gi.
Indeed, each possible state of affairs of our company can be represent-
ed by & DB snapshot over gl. On the other hand, not every DB snapshot
over gl - in the sense of D1.2 - will represent an allowed state of
affairs for the company. The set of all states which are allowed - to
be determined by the people of that cempany of course - iz an example
of what we call a DB wuniverss over gi. Our definition of this notion

is rather general:

D1.3: If g is a zet function then:

U is a DB univexss over g 2} U is & set of DE snapshots over g.

For a (stepwise) definition of & nontrivial DB universe we refer
the reader to the appendix.
4 type 1 model, or conceptusl model, consists of a set function

and a DB universe over that set function:

)
Dl.4: <g;U> is & tvpe 1l model + g ig a set function and

U iz 3 DR wniverse over g¢.

If <g:U» iz & type 1 model then y is called #he concavtual
skeleton of <q;ux. By a table index of <g;U> we mean an element of
dom(g). If E iz a table index of <g;U> then g(E) is called the heading
of E in <gs;u> and each element of g(E) is called an attvibutz of B in
gl -

A set B (of attributes) is called wiiqualy 2demtifying flor u.i.)
for a tahle T iff different elements of T have different values for at

least one attribute in B:

D1.5: If A 12 a zet and B < A2 and T is a table over A, then:
D
B 15 u,i. for T & VteT: Yt 'eT: if £t PB = £' M B then t = t*.

[E]



D1.&: If <g;U» is & type } wodel and E ¢ dom(g) then:
D
B is a key for B in <g;u* & B £ g{E) and

Yvel: B is u.i. for v(E).

Unlike some other anthors, we do not reguire "nopredundancy™ (or
"minimality") fer being a key, i.e., we allow that & nroper subset of

B also has the property described in D1.6.

1.2, Type 2 models

N
Eroamele 1.2: Let Ul be a BB universe over the set function gl

(introduced just before D1,2) such that

(1) {pwr) is a key for DEF in =gl;Ul> (i.e., at =sach "moment" every
departmaent has a unigue department number) , and

(2)  for every v ¢ Ul, every DPT-value in the table v(EMPL) &lso ap-
pears as a DWR-value in v(DEP) (i.e., at each moment every

employee belongs o an “"actual" department);

then this induces for every v in Ul a funetien Fl(v) from v(EMPL) into
v{DEF), assigning to each employes tuple in “state™ v the tunle of his
departmant. We deliberately use the function notation F1{v) because we
will consider Fl itself as a function teo, a (funetion-valued} function
over Ul. Fl is an example of what we call a DB function, in thiz case

a DB function within <gl;Ul> for the crdered pair (EMPL;DEP). il

Dl.7: If <q;U> iz & type 1 model and (M;D) ¢ domig) * domig) then:
D
F iz = DE function within <g;u» for (M;D) &

F iz a funetion over U and Wvel: Flv) ¢ v(M) = v(D),

DB functions are essential for databaszes: it is their formal
existence and their (corvect) implementation that makes 2 database
more than a mere set of "files"!

Mote that we allow DB functions to be "reflexive™, i_e., in DL1.7

we allow that M = D,

Frample 7.3 Assume that

(1) {nr} is a key for EMPL in <gl;ul> (from examole 1.2) and



{2) for every v ¢ Ul the "MAN-column® {t(MAM) | £ ¢ v(DEP)} in v(DEP)
ig a subset of the "NR=celumn” {t(NR) | t ¢ v(EMPL)} in v(EMPL);

then there iz a2 DB function F2 within <gi;Ul» for (DEPR;EMRL), namely
the one for which F2(v) asszigne to each department tuple the tuple of
its manager in "state" v e Ul. But then there also is a DB function F3
within <gl;Ul> for (EMPL;EMPL), namely the one for which F3{v) assigns
to each employes tuple in "state" v the tuple of the manager of his

department. F3 is an example of a "reflexive" DB functien. O

Other examples of DB functions can be found in the appendix. Qur
DB functicns Fl and F2 are Iinstances of the following general situa-
tion, which covers many cases of DB functions that occur in practice:
If <g;U» is a type 1 model, (M;D) ¢ domig) * dom{g), a ¢ giM),

a' ¢ g(b), and

€1y {a'} is a key for D in <g;U> and
(€2) {ela) | £« vGD} < {£'(a') | £' ¢ v(D)} for every v ¢ U

then the function F over U defined by
Flv) = {(t;t") ¢ v(M) % v(D) | t{a) = t'(a")} for every v ¢ U

iz a DB functieon within <g;U> fer (M;R)!

The proof is almogt trivigl: According to D1.7 we still have to
cheok that Flv) ¢ v({M) + v(D); well, ¥({v) is a function because of
(C1), dom(F(v)) = v{M) because of (C2), and rng(Fi{v}) = v(b} iz
trivial.

If both (C1) and (C2) hold then {a} is sometimes called a foreign
key, sea for example [Da 81] or [Re 84].

The DB functions F3 in example 1.2 and Ihsp (PT-ADM)} and
Thsp{REL-ADM} in the appendix are examples of DB functioms that are not
covered by the situation mentioned above.

We can make "new” DB functions out of given ones by genexalized

coemposition as stated Ly the following lemma.

Ll.1: If <g;U> is a type | model, {M,D,D'} £ domig),
F iz a DB funotison within <g:;U» for (M;D}, and
G iz 2 bB fungtion within <g;U» for (D;D')
then G @ ¥ is a DB function within <g;Ux for (M;D').



Again, the proof is simple: Clearly, G @ F is a function (see
chapter 0), and dom{f) n dom(G) = d n U = U, Furthermore,
v} e viM) = v(D) and C(v)} ¢ v(D) =+ v(D'} for every v <« U; thus
G ® F(v) = G{v) ¢ F(v) ¢ v(M) + v(D"). According to D1.7, this com-

pletes the proof.

Ln example of such a generalized composition of two DE functions
is F3 in our type 1 model <gl;Ul> on employees and departments:
F3 o= P2 @ Pl

It will be convenient to have a name for some of the DB functions
within 2 type 1 model, in order to be able to refer to them inside
formal languages {(for instance retrieval languages). Once we have
names for two DB functions, a name for their generalized composition
is nsually superfluocus. Furthermore, we only need names [or "ralevant”
DB functions. (The relevance of a DB function has te e determined by
the users of Lhe database concerned.) In general, within a type 1
madel a subget of all its DB functions should ke chosen and the cor-
responding names should be specified. This ¢an be represanted formally
by an "interpretation function" - I in D1.9 - that assigus to each new

name the corresponding DE function. By "new" (in the previous szentence)
we mean that these names for DB functions are to be distinct from the
table indices! We also need a "tyning function” - h in D1.,3 - that
assigns to each new name C a "matching" pair of table ipdices, i.e.,
if h{(C) = (M;D) then the DB function corresponding bo ¢ will be a DB
function for (M;D).

A type 1 model extended with a "tyning function® and an Minner-
pretation function" will be called a tyme & model, of. D1.9. The first
component of the type 1 wodel tegether with the typing fanctien con-

stitutes a so-called tyme 2 skeleton.

D1.8: <g;h> iz & type 2 skeleston 2 g iz & set functien and
h is a functicn into domig) * dem{g) and

dom{g) n dem(h) = @,

D1.9: <g:;h;U;T* ig a type 2 model a
<gihr iz a type 7 skeleton and
U is a DB universe over g and
1 is a funotion over dem(h) and

Yecdomih): L{C) is a DB funotion within <g;U: for h(C).



If <g;h> is a type 2 zkeleton, € ¢ dom(h), and h{C} = (M;D) then
we call M the source indsx of C in <g:h> and D the target indsx of C
i <g;h>. Each element of dem(h) iz called a commestor index wnder
“gih>.
Note that
{a) we allow that the target index of a connector index is the zame
as its source index,
(b} we permit that different connector indices rafer to different DB
functions for the same pair of table indice=, and
(e} we do not forbid that different connector indices refer to the

same DB functions.

Ewample 1.4: Let hl be the function over {DEPOF,MANAGERCF}
defined by hl(DEPOF) = (EMPL;DEP) and hl (MANAGEROF) = (DEP;EMPL); then
<gl:;hl* iz a type 2 skeleton (where gl iz the set function intraduced
just pafore D1.2). In figure 1.2(z), the typing fuﬁction hl iz depict-
ed. The complete type 2 skeleton is depicted in figure 1.2{b).

DEPOF EMPL DEP
EMPL * o
[ Empr] T oxr| R MANA?FROF .
MANAGEROF NAME NAME
DET e DNR
DEPOF
GAL
SEX
(=) (b)
Figure 1.2. (a) Picture of hl. (b} Picture of <gl;hi=.

The connector index DEPOF iz intended to refer to the DB function rl
and MANAGEROF is intended to refer to F2. The interpretation functien
Il ever {DEPOF,MANAGEROF} defined by Ii(PEPOF) = Fl and

11 (MANAGERQF) = F2 formally represents that interpretation. Now
<gl;hl;U1;X1> is an example of a type 2 model. {1

If F is a DB functicn (within a type 1} model =g;U*) for the
ordered palr (M;D) and v ¢ U then F(v] is what we call a commector for
{M;:D) wrt., (with respect to) v. In genegal:



D1.10: If v is a set function and (M:D) < demlv) » dem{v) then:

f is a connector for (M:;D) wrt., v B £ e wviM) + v(D).

With this terminclogy it is easy to formulate what the sssential
ingredients of a "snapshot” of a type 2 model <g;h;U;T* axe, namely a
DE snapshot v over g and for each € e dem(h) the connector I{C)({v) faor
the ordered pair h(¢) wxt, v, where I(C)(v} is the DR function I(C)
applied to the "state" v. Together with <g;h> these ingredients con-

stitute a type 2 snapshot:

Dl.11: <g;h;vyws 15 & type 2 snapshot 2

<g:h» is a bype 2 skeleton and
v is a DB snapshot over g and
w ig & function over dem(h) and

Vordamith) : wi{C) is a cpnnector for hi(C) wrt. v.

10



2,  SEQUENTIAL STORAGE STRUCTURES

For an understanding of $equemiigl programs for stored databases
we nesd the notion of a dequentiai gtorage structure. The purpose of
this chapter is to define this nontrivial netion, cf. DZ.5.

The first component of a seguential storage structure is a so-
called grrangemeént. An arrangement of a DB snapshot v associates a
"position" or "lecatien" (whatever that may be) with every tuple
t & v(E), for all table indiees E ¢ dom({v}. More precisely {and with-

out the noise in the previous sentenge):

D2.1: If v ig 2 set Function then:
W is an arrangement of v B H iz & function over dom(v) and

¥Eecdom(v): p(BE) is a one-to-one function onto w(E).

For "positions" (i.e., elements of dom(p{E)) for any E ¢ dom(v))
we tay think of relative ar abzolute addresses, or so-called "database
key values" (in which cases dom(p(E)) and dom(u{E')) will be disjoint
for E # E'}, but also of natural numbers enumerating the elements of

v(E). In this special case we speak of a #egquential arrangement of v.

D2.2: If v iz a =et function then:

: . D
B is a seguential axrangement of v &

v is a function over dom(v) and

VEcdem(v): p(EB) i= an enumeration of vIE).

In the general case, i.e., when p is not necessarily sequential,
we will alsoc need an ordering funation for | as one of the components

of a sequential storage structure:

D2.3: If p i3 a function-valued function then:

r ig an ordering function for p 2

r is a function over dom{p) and

VEsdom(u) : r(E) is an enumeration of dom{p(E}).



We note that if u is an arvangement of a DB snapshot v oand r is
an crdering function for p then, after all, the generalized composition
of u after r, i.e., the function {{E;u(B)°xr(E)) | £ ¢ dem(w)}, con-
stitutes a ssguential arrangement of v.

If f is a connector for a patr {M;D) wrt. a DB ghapshot v and u
is an arrangement of v then we have the situation as depicted in
figure 2.1. (We recall frem chapter 0 that we may write Yy ingtead of
WM} - which will be convenient here - and from DZ.1 that the function

M is cne-to-cne and onto v{(D}.)

dom(uM) My v ()

T
' i
tny) ﬂfapM¢ ¥ £

|
L
4 v {D}

dom(un) iy

Figure 2.1.

A location link for (M;D) based on £ and y determines for every
Mlocation" p ¢ dom(uD) an enumeration of the lecations of those tuples

in v(M) that are mapped to ),(D(p) ¢ vi{b} by the functien f:

D2.4: If v i=z a set function and (M;D) ¢ dom(v) ¥ dom{v) and £ is a
connestor for (M;0) wrt. v and u is an arrangement of v then:

¥
L is a logation link for (M:D) based on f and p &

L is a function over dam(uD) and

Vpedcm(uD): £(p) is an enumeration of
{p' ¢ dom (1) | f(uM(p‘)) = uD(p)}.

We note that the set {p' ¢ dem(y) | fl, e = uD(p)} menticnad

in D2.4 is the pre-image of p under the (composite) function
gt ™t e £ o w6 domipy) ~ demluy), of. figure 2.1. Motivated by

£1.10 and D2.4 we will call the function ual
povmeator for (M;D) basad ¢m £ and p; it maps the location of each
t & vi(M) to the location of F(t).

e £ oy, the lacation

In addition to an arrangement and an ordering function, a

sequential storage atructura for a tyme 2 snapshot <gihviw> will also

12



contain f£or every connector index C ¢ dem(h) a location link for the
pair h(C), based on the corresponding connector w(C), cf. D1.11, and

the arrangement concerned. More precisely:

DZ.5: If <g;h;viwr is & type Z snapshot then:

D
<p;r;¥> is a sequential storage structure for <g;h;v;ur =

W iz an arrangement of v and

¥ if an ordering function for u and

¥ iz a function over domth) and

vCedom(h) : K{(C} iz a location link for h(C) based ocn w(C) and p.

In conclusion we recall the purpose of each component in D2.35:

- p accounts for the distinetion between tuples and their "locations”
in a stored database:

- ¢ delivers, indirectly via b, for each table index E an enumeration
of the =zet v(E);

- K, also indirectly wvia |, delivers, for each connector index
C ¢ dom(h), par tuple t in the "taxget"” table of C an enumeration of
these elements in the "source™ table of € which are mapped te t by
w(2), the functien C refers to in "state"™ v. (When we deal with 2
type 2 model <g;h;U;I» then wi(g) will be (<) (v), see the paragraph
following D1.10.)

In sectioh 5.2 these concepts will be used to explain the effect

of our standard prosedures for "files" and "links".

13
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PART il. SOME RETRIEVAL LAMGUAGES FOR DATABASES

3. GRAMMARS

In this chapter we present the basic notisns concerning formal
lanquages. We first introduce the concept of a guaat—afag, which is a
genaralization of the well-known congept of a context-free grammar

(efg) .

N C
D3.1: =V;N;P;5> is a quasi—¢fg # V is a get and N c V and

1
PesNxvV gnd s ¢ N.

If G is a quasi-cfyg, say G = <V;N;P;5>, then the following
additional texminology and notations will be used:
(al) by Voo(B) we mean V, called the wvoeabulary of G:
(a2} by W([G) we mean N, called the aonterminal vecabulary of Gi
(a3) by Tu(6] we mean V=N, called the terminal voeabulary of G:
(a4) by Ra(G] we mean P, called the rule sel of G

(a5) by $£(G) we mean 3, called the gdaprt symbol of G;

(b1) A is a symbol of © 1£f A ¢ VoclG);
(b2) A is a nemterninal of G iff A e N[G) ;
(B3) A i a terminal of G iff noe Tl

(bd) A is a produstion »ule of G iff A ¢ Ra(G) |

We note that we do not allow the "right hand side" of a production
rule to be the empty sequence.

A ¢fg or contemi-free grammay is a special kind of gquasi-cfqg:

p3.2; G is a efy 3 G is a quasi-ofg and
Voo(G) and B4(G) are finite sets.

15



In the specification of concrete grammars, terminsls will be
written in beld type, nonterminals will begin with the bracket "<" and
end with the bracket "*", and production rules will be written in the
so—called Baokus-Maur Form (BNF): In BNF, a produckion rule (a;R) is
written as o ::= f' {(when B' denctes the juxtaposition of the compo-
nents of the sequence R) and, for instance, a ::= g|f[4 stands for the

set {o t:= g, a4 1= P, & 1:= &},

FPrammle .1: An interesting exemple is the grammar with start
symbol <int.?, terminal vocabularv (0,1,2,3,4.5,6,7,8,9,=), nonterminal
vocabulary {<int.®,<digit>,<pos.int.>,<nz.digit>}, and the following 16

oroduction rules: N

<int, ¥ ::= = <pos.int.>|0|<oos.int.> (1)
<pos.int.r = <nz_digit¥ (2)

| <pos.int.><digits {3)
zdigies 1i= 0] enz.digits (4)
<nz.digit> ::= 1/2|3|4[5/6|7{8|9 LY

The suggestive names for the nonterminals of this ofy only plav a
mnemcnic ¥yple, of course, and no formal role other than to tell the

nonterminals apart. 1]

Wa note that the concent of a guasi-efg is, in its general form,
not a "finitaryv" concept, because the vocabularv or the rule set can
be infinite. However, many guasi-cfg's with an infinite vocabularv or
an infinite rule set can grill he defined in a "finitary" wav. For
this purnose geveral formalisms are available from the literature, for
instange, Van Wijnggarden grammars (VWgs), used in [wW 75] for the
dafinition of ALGOLGE {see also [vW &5]1), affiz grammars, see [Ko 711,
or aqttribute grammard, introduced in [Kn 68] {see [He B4] for a defini-
tion devoid of imolementation aspects). For an overview and other
references we refer the reader to [MLB 76] and [BE 76].

In each of these formalisms, a {(pogsibly infinlite) =et of nprodus-
tion rules is obtained from a finite set of se-called rule forme.
Loosely speaking, a rule form is a nroduction rule containing "nara-
meters" (known as attribute vartablez in the context of attribute

grammars, metanotions in the context of VWgs, and nontdrmingl gffizes



in the context of affix grammars). A production rule is obtained from
a rule form by replacing each parameter unifermly by a vaiue that is
allowed for that parameter. For the formal details, which vary per
formalism, we rxefer the xeader to the literature mentlioned before; the
essential common characteristic, however, is that these formalisms in
fast all result in a quagi-cfg,(z)_ From thig intermediate stage on,
each formalism definea tha important congepts {such as depivation dreq
and the gensrated language) in exactly the same way. Later on, these
concepts will be defined for guasi-ofg's in general.

Before we present our formal definition of dertvatzon tres - in
other papers varicusly called generation tree, syntax tree, parse tree,
analysis tree, phrase structure tree, or structural description - we
firet define the notien of a labelled ordered tree over V, for any set
V. (Henceforth we simply say treg instead of labelled ordered trec.)
For technical reasons a "one node” tree with label A will be formalized

as the ordered pair (A:¥) and not simply as A.

D3.3: Xf Vv is a set then:
{a) LoZ{v) is the smallest set Y such that
YhcV: chY*: (Arg) e Y:
(b) T iz a tree over V Bo ¢ Lati(v).

In other words, nothing is 4 tr¥ee over V except as required by (1)

and (2} in the following (trivial) lemma.

L3.1: If Vv is a set then:
(1Y if A £ v then (A;@) is a tree over V;
(2) if A ¢ V and q is a nonempty Sequence of trees over V

then (A;g) iz a tree over V.

Thu=, each tree T over V is an ordered pair. The first component
of T is called the roct label of T and will be dencted by RE(T). We
see that if T is a trxee over V then RE(T) V.

If V is a set then F%V is the function over Lof(v) that assigns

to each tree T over V the sequence congisting of its "leaf labels";

(2) R
In the context of VWgs, the nonterminals of the resulting quasi=-

cig are called nottons and in the case of attribute grammars they
are called attributed nontermingls.
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ghig zequence 13 called tha fromtiar of T, For a "one node" tree (A;#)
this will be the I-tuple =A%, for a tree (A;g) with g being a nonempty
sequence of traes this will be the generalized concatenation of the
frontiers of all trees gk}, k ¢ domlg). Formally F&v is defined,

recursively, by

<A ’

an((A;WH

FJ‘LV((A;q)} C-L:c:m:‘(FIR7 e q) if g # @ .

TE T is a tree over V as well as over V' then FA(T) = Fa, ({T). There-
fore the subseript Vv will often he omitted from now on.
If q is a =zegquence of trees then we dencte the corresponding

sequence of root labels by RE4(g). Formally:

D3.4: IfF V iz a set and q ¢ Lot(w)™ chen:
REs (o) 2 {kiREWaII | ke domig) ) .

Note that if q « Lot(v}* then REs(q) « v".

The following definition of deriugtion tree is an immediate
formalization of the idea that a derivaticn tree consists of a root
label togethar with an ordered set of "corresponding” subtress, that
is, corresponding to one of the production rules of the guasi-cfg
voncernad., Qur definition is a generalizatien of an idea found dn
[ra B2].

D3.5: If G is a quasi-cfy then:
{a) PL4{G) i= the smallest set Y such that
(h;@) ¢ ¥ foxr every terminal A of G, and
(a;q) ¢ ¥ for every nonterminal A of G and
every ¢ ¢ ¥ for which (:REA(D)) ¢ R4(G):

D
(b) T iz a dexivation free baged on ( # T ¢ D&a(G).

In other words, nothing is a derivation tree based on G except as

reguired by (1) and (2) in the following lemma.

T.3.2: If G is a guasi-cfg then:
(1) if A is a terminal of G then (A;®) is a derivation tree

basad on G;

18



{2) if (A;r) is a production rule of G and g is a (nonempty)
seguence of derivation trees based on G for which
REA(g) = r then (A;g) is o derivation tree based on G
(3) PanlG) = Lot{Vec(G)),

If & is an clement of the vocabulary of a quasi-cfg G then
Drl(G,n) will dencte the set of derivation trees based on G with root
label A, and FAd(G,A) will denote the =zet of frontiers of z2ll those
derivation trees. If A is the start symbol of G then we cbtain DLIG),
called the disambigusted lamguage generated by G, and L(G), called the
lavguags generated by G. Formally:

D3.6: If G is & quasi-cfy and A ¢ Voo(G) then:
ta) Ped(G,ay % {r | T ¢ BL4(G) and RE(T) = A} ;
(p) Fad(G,n) = {F(T) | T e D£n(G) and RE(T) = &} ;
() DLIG) B preig,sti0)) - ‘
@ Li6) 2 Fad(G,52(6)) .

g e

A gquasi-cfg G ix called wwombiguous iff different derivation
trees having the start symbol of G as their root label always have

different frontiers; otherwise (G iz called ambiguous.

B3.7: If G ig a quasi-ofy then:
G is unambicuous B owieDLIB): wireDL(B) s 4F Fr(d = Fa(rt)

then T o TV

In other words, G Ls unambiguous L1£f FA restricted to DL(G) is a

one~to-one function,



4.  CONCEPTUAL LANGUAGES

4.0. Intreoduction and summary

In this chapter we present a class of conceptual (or "logical")
languages that can serve as (higher level) retrieval languages for
variocus sets of data, in particular for databases.

Each L (gonceptual language) 1s uniguely determined by a so-
called {i—bgazs, a hotch-potch of "basic symbols". The more spacific
notion of a (L-basts Ffit for & type 2 skeleton proves to be useful for
database applications, Both concepts are defined in section 4.1.

The sets of all well-formed expresstons and all well-formed
quertes based on a CL-bazis B are defined in section 4.2, It iz alse
shown how these sets can he defined by means of a gquasi-cfg. Finally.
the important subsets of all slosed expressions and all alosed gquertes
are defined.

Some typical database examples of closed queries are giwven in

section 4.3.

4.1. CL-bazes

The formal definition of the notion of a CL-basis will he [ellowed
by some (suggestive) terminolegy concerning the various ingredients of

a Cl-basis. Furthor explanation is given after example 4.1,

nd,l: <T;H* is a CL-basis 3 T ig a set and H is a 7-tuple such that

H and H2 are set functieons over T,

ar Hyr
H3 and H4 are set functions over T = T, and
HS and H6 are set functionsg ovex (T x T) x T.
If B is a Cl-hasis, say B = «<T;H*, and f, T', and 0 are elements

of T then the following notations will often be used:
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TypB will denote the set T,

PlhB(U) will denote the set HO(U).
Con_ (o) will dencte the set H, (0,
InnB(c) will denote the set Hz(d),
Unopy (1, 4) will denote the set H,({1;c}),
ArgB(T,o) will denote the szet Hq((T;U)).

Binop, (T,7',8) will dencote the set H_({({t;1');g}), and
Py 5

DEtB(T,T',U) will dencte the set Hﬁ(((T;T');U)),

With regpect to a CL=basis B we will call

TypB the set of typee of B,

PlhB(c) its set of placeholders of type o,

ConB(c) its set of apnstgnts of tvoe g,

IntB(U) its set of Intensiongl consbants of type o,

UnopB(T,c} its set of wunary operghion symbols with operand type T

and vagult type o,

Arg_(T,0) its set of argunents with opergfor type T and result
tyve o,

Binopy (t,7',d) its set of bingry operation symbols with first ooerand
type T, fecend operand type 1', and result

type 0, and

DEtB(T,T',U) its set of determiners with domaln type T, ™@ge type T',

and resuwlt type o.

Erampls 4.1: Well-known examples of formal languages are first—
order languages (see, e.g., [8h 67] or [BM 77]). We will show what
kind of CL-bases are needed for fivst-order langlages with nullary,

unary and binary funetion and predicate symbols:

- Ty;pB will be a set consisting of t and one other element, say

Typg = {e,t}.

- Flhg(e) will be the set of the Zndividual variables of the intended
First-arder language, and PlhB(t) = q.
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- Cong(e) will be the set of trdividual nconstante and
CDnB(t) will be the set of propesttion symbols.

) = ¢

- Therc are no intensional constants: Ints(e) o IntB

- Unop, (e,e) will be the set of wiary funotion aymbols,
UnopB(e,i) will be the set of wnary predicate symbols,
UnopB(t,t) = {—1}, and UnopB(t,e) = @.

- There are no argumenta: ArqB(T,d) =@ for every t and 7 in TypB.

- BinopB(e,e,e) will be the set of binary Sunction symbels,
Binop,{e.a,t) will be the set of binary predicate aymbols (often
containing =, the equaltty symbol), Binop (%, %, t) = {A,vm &), and

Binch(T,T',u) = § in the other five cases.

- Der_ie,t,t) = {¥,3} and Det_ {1,7',0) = in the other seven casas.

B

Noke that we gave a e¢lasg of CL-bases, each CL-basis being a
basis for one First-crder language. In order to obtain a partioular
CL-basis, we still have to specify e and the geven sets plh(e),

Con (o), Unople,s), and Binople,e,c), where 0 ¢ {e,t}.

Bhside: A popular choice for Flhie) iz the set {X1,x2,X3,...},
more precisely (and in line with the gramway following D4.8), the
language generated by the grammar with stapt symbol <Pj;e> and the rule

set consisting of
<Pror ri= K <pos.int.®

and the last 13 production rules mentioned in the grammar in example

3.1. But alsc the smaller rule sets
<Prer pi= X|ep;ert

and, with more variety,
<biex ::= X|y|2]epier?

give a suitable (infinite) set of individual variables.

The central ingredients of a CL-basis are jte Lypes. In practice,
the zmet of types of a Cl-kasis B i1g often defined as the language
gencrated by a small unambiguous efg Gos i.e., Typy = LGy} In
example 4.2 the set of types will be defimed in this way. As angther

example of an infinite (!) set of types, we conzider the set of types
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of Montague's language of intensional legie ([Me 731), a well-known
language in formal linguistics and legie; the zet of types can be
described by the grammar with start symbol <Ty> and the following 4
praduction rules:

<Ty> t1= 1|E|8<Ty>1(<Ty><Ty>)

In example 4.1 a finite set of types was used.

Semantigally, 2 type o can be thought of as & dummy denoting a
set 03(0) where DB iz a set function over TypE. In the seguel, t and
int will ke theught of ag types with a standard denctation and if 1
and ¢ are types then the l-tuple <7 and the ordered pair (7;¢) will
bz used as types with a standard denctation in terms of ﬂB(T) and
DB(a), see below. We note that it iz not necessary that these tvpes
aiways occur in a CL-basis. We often write SQ[TJ Instead of <1r and
fc[T:UJ instead of (1rg). Finally, also PlT;oJ will be used as a type

with a standaxd denotation. The standard denctations are:

Dﬂ(t) = {0,11, i.e., the set of "truth values";

ﬂﬂ(inﬁ) ==, i.e., the set of integars;

DE(SO[TJ) = P(DBCT)), i.e., the power set of the set denoted
by T;

DE(fctT;oJ) = DB(T) - DB(G), i.e., the =met of all functions from UB(T)
into DB(c);

?B(plr;cj) = DB(T) ® DB(G), i.e., the cartesian product of DB(T) and

PB(c).

We continue with some familiar examples of constants and of unary
And bindry operation symbols. The role of intensional constants and
argumaents (in connection with databages) will be illustrated in example
4.2 and examples of degtermingprs other than W and J will be given in the
comments following L4.1 in section 4.2,

The logical comnsctives A, W, @, and 4 will be typical elements
of Einopét,t,t) for those CL-bases B in which they occur at all. The
only useful unary operation symbol with operand type T and result
type t is =, the negation symbol. We will use the symbolg 4 (for

"false") and T {(for "true™} a3 constants of type 4.
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The eguality symbol = can be put in BinopB(a,n,t) for all or, if
desirable, only gome types . Also the symbol ¥ can be ineluded.

The well-knewn symbol € typically belongs to Binnpﬁ(a,sﬂluj,t).
Also the symbol ﬂ Cafn ke included. Other well-known symbols from zet
theory are W (for union), M (for intersection), and ~ (for seot
differencal; they typically belong te Binop,(solc].sels].sofc]). The
symbol § (for the empty set) can be put in can(so[gJ) for any type g,
We will use SMY} 23 a unary operation symbol with operand type ¢ and
result type SOLUJ, denoting singleton formation,

It is useful to have = symbol in BinopB(T,q,p[T;Uj) denoting the
formation of ordered pairs., We will use the symbol 3 for that purpose.
An interesting candidate for ConB(int) would be the language

generated by the grammar given in example 3.1. {Thiz candidate is
lnteresting because then evary element of 75, the set the type int
iz supposed to be denoting, is represented by axacetly one censtant of
type iht.) Baoth UnopB(iﬂt,iﬂt) and BinDpB(iﬂt,int,int) could contain
the symbols 4 and =. Other typical elements of the latter set are x
and ¥ (for integer division). Typical elements of Bincpﬁ(int,int,t)
are (begides =) the "relational" symbols €, %, £, and >.

We recall that the type fCLT;UJ can be thought of as denoting the
set of all functions from the set denoted by ¢ into the set denoted by
v. Thersfore it is usefuyl to have a symbol in Binopﬁ(fblrinJ,T,c)
denoting function applisation. We will use the symbol @ for that
Purpose, For our database applications it is also wseful to have a
symbel in BinopB(fCLr;UJ,u,SO[TJ) denoting the formation of the pre-
image - see chapter 0 - of a "g-object" under a function (expressien)

of type felty0]. For that purpose we will use inv.

In ordey to express the gueries that are relevant te a database
based on a type 2 skeleton <g;h*, we need a Cl-basis B that contains
all table indices, connector indices, and attributes of that skeleton
ag "basi¢ symbols". These basic symbols are to be classified and

"typed" as follows:

{a) Every table index B in dom(g) should be an intensional constant.
{Intensional constants will correspond to variables in the sense
of computer science, ses section 4.32.) Its type should he solEJ.
A% a4 conszequence, bhoth SO[EJ and E should be types of B,



{b) Every tconnsctor index € in dom(h) should be an inten=ienal con-
stant of type h(Z). (Thus, if M denotes the source index of € and
D its target index, l.e., if h(C) = (M;D}, then the type of the
intensicnal constant € can he written as fb[M;DjA) A5 & conse—

guenge, h{C) ghould be a type of B.

{c)  Por every table index E in dem(g), each attribute of £ should be
an argument with operator type E and, moreover, there zhould be

no other arguments with operator type E.
(d) Pinally, esach argument should have only one result type pex

operator type.

A CL-basis meeting all these regquirements will he called a (L-
basis fit for <g;he:

D4.2: If <g;h>» is a type 2 skeleton then:
B is a CL-basis fit for <g;h> &

B is a CL~basis and

[VEcdom{g}: {E,<E»} = TYPB and E ¢ IntB(<E>)I and
[vCedom(h) - hiC) ¢ TyPB and C ¢ xntB(h(C))3 and
[VEcdem(g) : g(8) = U {arg,(g,0) | a ¢ Typ,}] and
VT,G,C'ETypB: (if o # o' then Arga(r,o) [ ArgB(T,U') = .

We note that the last-mentioned reguirement iz of greater general-
ity than the g¢thers; it does not bear upon the particular type 2
skeleton.

Emgmple 4,2; We will check what it means for a CL=basis to be fit
for =gl;hl>, the type 2 skeleton presented in example 1.4, We recall
that dom(gl) = {PEP,EMPL}, dom{hl) = {DEPCF,MANAGERCF}, gl{DEP) =
= {DNR,MAN,NAME}, ¢l (EMPL) = {DPT,NAME,NR,SAL,SEX}, hl(DEPOF) =
= (EMPL;DEF), and hl (MANAGEROF) = (DEP;EMPL); see alsc figure 1.2(b}.

By reguirements (a) and (b), TypB must contain BER, EMPL, solnEP],
so[ EMPL ], fClE"PL;DFPJ, and fc[nEP;EHPLj as elements. One of the
candidates for TypB is, for instance, the language generated by the
grammay with start symbol <typer and the following B production rules:

“type> ::= DEPIEMDL[tlint}strlg
[Su[=type>j
[fe] <type>§<typen]
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(Hera the type StP is intended to denote the set of all sequences of
characters and the "genus type" § is intended to dencte a set with
exact]ly twe elements, =ay {0,1}. Furthermore, we like Conp (@) to he
the set {9,6}.) '

There must be at least 4 intensional constants in B (again, by
(a) and (b)): IﬂtB(SO£DEPJ) muzt contain REP, IntE(iDlEMPL]) must
contain EMPL, IntB(fclE"PL;oEPJ) muzt contain DEPOF, and
wnty (FCJDEPYEMPL]) must contain MANAGEROF.

The following (reagonable) chelce for the collection of arguments
with a table index as operator type is in accordance with the require-

ments {o) and (4):
nra, (EMPL,int) = (NR,SALDPT)  Arg_(DEP,int) = {DNR,MAN)
ArgB(EMPL,Str) = {NAME} ArgB(DEP,StF) = {NAME}

ArgB(EMPL,Q) {SEX}

0

Examples of the use of inten=zional constants and arguments within

queries will be glven in section 4.3,

4.2, Queries

We gtart this section with a recursive definition of a rolation
Rwe (B), for each CL-basis B. If (g;c) ¢ Rwe(B) then we say that o 18 o
well-formad expression of ftyps ¢ over B, L4.} contains an altarnative

description of this notion. Further explanation is given after Ld.1.

D4.3: If B iz a CL-hasis then:
Pwe (B) is the swallest set Y such that for every 1, T', and g
in TypB:
(1} if a € Plh, () then (a:a) ¢ ¥,
(2) if o ¢ Con_{g) then (a;u) = Y,

(2) 1f o ¢ Inti(n) then (Mu;io) ¢ v,

(4) if o ¢ Gnope (T,0) and {(2:7) ¢ Y then (afso) ¢ ¥,

(5) if @ ¢ Binop, (T,t",@), (A;7} ¢ ¥, and (y;1') ¢ ¥ then
((Buy)ic) ¢ ¥,

6) 1f & ¢ Argp(t,d) and (B;T) ¢ Y then ((Bea}iv) « ¥,
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(7} if o « PlhB(T), (Br1) « ¥, and (v;u) e Y then
(fe = 8)yic) ¢ v,
(8) if w e Dety(1,7',0), B & Plhg(T), (v:s0lt]y « v,
(p;%) ¢ ¥, and (&;7') ¢ ¥ then (aB € v A g ! §:;0) ¢ ¥, and
(9) if B € Plng (1), (visoftl) = v, (e:t) € ¥, and (6:0) € ¥
then (0f € v A g * &;0) ¢ ¥,

The set of all well-formed expressions of type o (over B) is

denoted by WeB(a):

pd.4d; If B iz a Cl=basis and @ « TypB thenr
o)
we (o) = {a | (0;0) ¢ Rwe(B®)}.

The idea of avoiding a “oconcurrent" recursive definition of all
the sets WeB(o), 7 & Typgr by using a "single" recursive definition of
the set of all those pairs (g:o) instead, is borrowed from Montagque
{[Ma 73], footnote 7).

An altermative description of the set of all well-formed expres—
zions of type o is obtained by saying that nothing is in WEB(U), for

any g ¢ TypB, except as reguired by (1)-(9} in the following lemma.

Ld.1: If B is & CL-basis, T ¢« TypB, T" € TypB, and o € TypB then:
(1) if & € PlhB(G) then o ¢ WeB(U):
(2} if o « chB(a) then o ¢ We,lo);
(3) if & ¢ Ity (o) then Ya ¢ wey (e
{4) if o € Uncp,(7,d} and = WEB(T) then af « WEB(G)F

(5) if o ¢ BinopB(T,T',c), B e WeB(T), and v ¢ WEB(T') then
(Bay) < we ia); .

(&) if o ¢ Arg (7,0} and B ¢ We () then (Bae) ¢ Ve (3):

(1) if a € PlhB(T), B« W@B(T), and ¥ € WeB(c] then
[c 6]y « We (9) ;

8 if t e Ty, so|t] ¢ Typps & ¢ Dety(T,7',0), B ¢ Pliy(T),
¥ o€ WEB(SOLTJ), [V WeB(tJ, and § ¢ We_(T') then
B €y Ap 38 e W (0);
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ad

23

(9) L£ ¢ Typg, S0Lt] < Typ,. & ¢ PIng(D), v ¢ we (solt]),
9 € WeB(t), an@ & c We (u) then @8 €y A g I G = We (o).

We follow with some comments on these 9 clauses.

(.,

(6):

(%), and (3): Roughly speaking, plageholdars correspond to
variablaez in the sense of logle (az in example 4.1), while
intensional cometents correspend to (external) variables in
the sense of computer science: if ¢ is an intensignal constant
then M& Can be read as "the current value of the variabkle a",
The main difference hetwoen a oonstant and an imferstongl
constant is that the "value™ of an intensional constant docs
depend on the "actual state" (or "actual DB snapshot") whilc

bhe "wvalue" of a seonstant does not.

In section 4.1 the symbol @ wag intreduced to represent
function application concerning functions fer which the result
type iz the same for all of its arguments. Clause (&) accounts
for function application concerning functions for which the
result type depends on the argument concerned. (To some
readerg, such functions are maybe better known as records or
as clements of generalized products.) Expressions denoting
such functions confront us with a problem regarding tvpes:
What are the types of these expressions to look like? Or more
pracisely: How oan we introduce types for these axpressions
without getting a laboricus type calculus or type administra-
tion? In each practical applicaticn only a small number of
such functions is necessary and each function hag only finitely
many arguments. Therefore, the following solution iz feasible:
Fer application, some "primitive" types axe introduged for
such functions, for ingtance, the types DEP and EMPL in

example 4.%. Furthermore, if v, is such a "function type"

then Afg(ro,c) must be the satocf all argumente for which ¢ is
the result type of application of a function (expression) of
type T to that argument. Typical examples of such "function
types" will be the table indices in a database system (hence

the regquirement dom(g) < Typ, in D4.2).



ad (7): This clause accounts for an abbreviation facility: [o <Ry

may ke read as "y whexe o = B".

ad (8): Familiar examples of determiners are the symbols ¥ and 3 in

pet(t, ¥, 8 as well as £ (for general addition) and T (for
general multiplicatien) in, for instance, Det(t,int,int).

Vi€yaqpis is usually written as Vﬁ(((BEy)Am)dﬁ),
Ae€vAyts usually as I8 ({{B€7)Ap)AS),

LE€yAgsS sometimes as £ 3, and
2€vAg
MREYApLd as W 6.
BEvAp

For later purpose, we will add the symbol 3 as a useful (though
superfluous) element of Det(7,%,1). The expression 1B€YAmté will be
eguivalent to the expressien TIIREvAp25. (We note that the word
aquivglent will be used in its informal sense, i.e., two expressions
will be called eguivalent if they have the same intended meaning.)

At other useful candidates in Det(t,%t,t) we introduce the deter-
miners (aﬁr\) where 9 ¢ (=, €& 5>} and n ¢ Con(‘ln'b).(s)
(ﬂan)BEyAcp:& should be read as "there are exactly n slements B in vy

The eXpression

for which ¢ and & hold". If m is replaced by €, 2, 5, or », respect—
ively, then "exactly" should be replacced by “less than", "at least",
"at mest", or "meye than", respectively. In other words, the sxpres-
sion (39n)E€yApI6 iz equivalent to the expression (EE€yA(pas)ilen)
We alse want Lo treat the common way of zet formation, uswally
expressed by means of {.. I ...}, a5 & determiner. For that purpose
we will uze the symbol ‘ (for $et) and $ can be placed in
Det(T,T',solT']). In traditional notation, our axpression QBEWAw:é
would read as {5 ] BE’yA;p} or, rather, a=z {a l JpeyApl {u = 5,) where
& iz any "fresh" placehcldex of type T', L.e., o ¥ § and o does not

occur in any of the expressions vy, ¢, oF -

{3)

It would be more general to allew n ¢ We(imb), but this implies
that the set of determinecrs, i.e., 2 part of the basis, and the
set of well-formed expressions have to be defined cencurrently,

In the presence of clause (7), however, it is sufficlently general
to allew n ¢ Con(int) v Plniint), ox just n ¢ Pih(imt). In that
cage We would have to adapt D4.6, case (8).
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The symbol U (denoting generalized union) c¢an be treated
as an element of Det{r,$0[v' |,selt']). We note that $p€yap:s
ig eguivalent to UBE'\(AQJ:SHQ' 9.

Al=ag the aymbol A (for functional abstraction) could be
treated az a detsrminer. However, treating A as an elemcnt of
Det(T,T',fﬂlT;T'j), as might be expected, creates a problem:
The type fElvyt'] represents the set of all "total” functicns
over D(t), i.¢., the set dencted by v, while ABEyAyss denotes
a "partial" functlon over the set dencted by t. There are two
reasons for this "partiality": (1) v denotes, in general, just
a subset of the =zet denoted by 71, and (2) ¢ acts as a further
restriction on this set. We are inclined to treaat A as an
elemant of Dut(r.r'.SOlplr;r']J). in accordanee with the usual
txeatmeni af functions in st thegry. As a conseguence,
function application (dencted by the symbol @) does not work
for A-expressions since eonly warks for expressions of type
fefvjr']. This is not a serious wonsequence, howewer, because
A-expressions in our guery languages are only meant to
construet functions, without actually having to apply these
functions. Moreover, the expression {ABEvAgzé@n) would be
aguivalent to [8 # a8 and hence, for our purposes, super-
flucu=.

We follew with some general remazks cencerning deter-
miners.

For each o in Detie,t',0), Wwely) might contain an expres-
sion eu such that for every g in Welt) and every 6 in Wel(r"),
the expregaion uﬁﬁﬂawzﬁ is equivalent to ea or, in terms of
axiem systems, such that (qBE’AQ;G = eu) can be chosen as an
axiocm., Logsely speaking, the expression L which iz indepen-
dent of ¢ and &, describes the "result" of the determiner o
when applied to the empty set. For each determiner o in the
first column of the table below, c& ig glven in the second

colunn,



o o
\-4 T A
3 i v
E 0 +*
w E %
| T

(39n) (0an)

Table 4.1.

For some determiners ¢ in table 4,1, the third column contains a
binary operatien symbel da of which that determiner ig a generaliza-
tion in the following sense: If & ¢ Det{t,T’',d) then du £ Binop(g,T7°,a}
and for every R in PlhiT), every v in WE(SOLTJ), avery ¢ in We(t),
avery & in We(t'), and every B' in Plh(t) - {8} that does not occur in

any of the expresesions y, ¢, or &, the expression

Va'EyAlats ' Joi (aB€vAeit = (u3€(y\sngl 8')Aesb a [8 «8'76))

can be chosen as an aXiom, an axiom that reduces quantification over v
to guantification over a smaller set. (As an exarcige, the regdexr
should check the well-formedness of the expression above.) This
“reduction axiom" and the axiom (uB€ffAgis = e,)} together "define” a
for those vy that dencte finite asets. (¥n chapter &, theze axioms can
be used in proving the correctness of the tranzlation of expressicng
that c¢ontain determiners.}

In table 4.1, the symbol Y iz an element of Binop(solx‘J,r',sol1‘J)
denoting union with a singleton, in other words, (u O 6) is equivalent
to {u u sngt 5).

We finally note that it turns out te be convenient toc use of€yis
a5 shorthand for oREYATI6, a apacial case which ocours very freguently
in practice. This ¢ould be sanctioned by adding angther clause te D4.3;

(8 if & e DBthT(T.fG)’ g = PlhB(T), (7:50111) e ¥, and (&:7') e ¥
then (aBE€y28;¢) « Y.



ad (8): The expression GREYAP:S should be road as "& where 8 is such
that ({#€y)A9) holds". Syntactically, clause (9) ressmbles
¢lause (B8], but semantically there is a difference: Clause (9)
is a clause with a presuppoegition, namely the presupposition
that there is aqt least ¢ng B such that {{u€y)ac) holds.
(Therefore, clause (8) and elause (9) will have &ifforent
translations in chapter 6, where FREyApTS will be translated
inte a program in which the presupposition will also be
checked.)
We note that clause (9) introduces nondeterminism in our
Languages (although chapter & contains a detorminisztic
implementation) . In ocur applications of clause (9), B will
denote a table element and ¢ will prescribe the value of ons
of the keys (key in the sense of D1,6); in such & case thera

is at most one @ such that ({RE€y)A¢) holas.

ad (7] and {31: Although [o # 8]y is cquivalent to go@ Sagl GATIy, the
former expression will have a sompletely different {(and in

fact & more "efficient") translation in chapter 6.

After this commentary on Ld, 1 {and hence en D4.3), we continue
our subject with the notion of a well~formed guery, i.e., a well-
formed expression followed by the svibol 7.If B iz 4 ClL-basiz then Way,

iz the set of all well-formed queries baszed on B:

24.5: If B iz a CL=basis then:

D
Wy, = {ou? ‘ quTypB: o F WGB(G)}-

A CL-basis and the corresponding sets of well-formed eipressions
and queries can be described by means of twe grammars, namely as
followsa:

For the description of the set of types we use & quasi-cfg GO;
the set of types zhall be L(GO), In practice, a ofy GO suffices, like
in gxample 4,2,

Next, let POCGO) be the rule set consisting of all production
rules of cne of the following 10 forms (where 1, t', and o can vary

aver L(GO}):

32



(0)  <mery> :i= <E;o> T

(1} <Epg> 1= <B;av

{2) |<Cig>

(3) | Ye1; 00

{4) [<U;T;o»<E; 1>

(5) |{<E;T><BiTit' ;o2<E;1">)

(&) |(<Ei7> & <n;tio2)

(73 |{<p; 1>  <m;12)<E;0>

(8 [<bstst's00<pit> € <Essalt]> A <Ests ¢ «Bsrr
(2 | o <pit> € <Eis0l:J> A <mit> § <mion

To this rule set PD(GD) we have to add a rule set P, containing zero

1
or more production rules for each of the nonterminals <Pi;or, <C;g>,
«T;or, <U;T;0%, «B;T;71';0%, <h;7;0v, and <b;7;7';0* (for any T, T',
and ¢ in L(GO), the intended get of types). We require that the non-

terminals «Query> and <B;g», for all ¢ in L(GO), do not occur in any

production rule of P, in order to rule out the pogeibility of defining

the ingredients of the intended CL-basis consurrently with the gets of

well-formed expressions and gqueries.
The additicnal clause {(8') can be incorporated by adding the

following rule form to the other 10 rule forms:

(8') <E;g> ::= €D;7;77;0%¢P;1> € <E;s0lrl]> § <E:e'»

By means of GD and the gquasi-cfg G1 that hag PO(GO) U Pl as its
rule set and <“Query* as itz start symbel, we arrive at a CL-basis,
hamely the CL-bagig €L(GO);H> where H iz the 7-tuple defined as
fsllows (see D4.1 and D3.6Y: Far all 7, 1%, and ¢ in L(GO)

Hy (o) = F4diG,,<p;o>) ,
B, (a) = Fsd(G),<Crax) ,
H, () = Fsd(G,,<I;0%) ,
Hy((r;0)) = FAd(G1,<U;r;G}) ,
E, ({1;0)) = FadiG,,<asmiar)

B (({t:1')50)) = FAd(Gl.<B;T;T';U>) B

Hg ({(1:1") 500} = Hd(Gl.fD:T;r';ob) .
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Finally, let By be <L(G,);H>; then weg (@) is just Fad(G, , E;o=)

1
for every @ in Typg, (thus in L(Gb)), and Wag, is just L{G}!

After this grammatical intermeszo, we defing the zet FPB(¢), for
gach TL-basis B and for all well-formed expressions ¢ hasged on B;
FPo{) is ralled the set of frae placeholders in §. The definition is

by recursion on (. According to D4.3 (or L4.1), there are 2 cases:

Rd.6: If B is a CL-basis then:

(1wl = {a} ,

(2) PR (w) =g .

(3) PR, (a) =4,

(4) FPB(uB) = FPB(B) .

(51 Fo {8y ) = FE_(#) v FB,(y)

&) Fe_({ara)) = FR,(R) ,

170 Fryile &8y = Fe (@) v (PR (v) - {el]

(8)  FP,leB€Agio) = FE_y) v [[F2 (o) u FR(6)] - (B}] ,

9) FPB(vﬂeyAw:é)

n
b
o

m
=

u LIFpgtel v Fpp(B)] ~ {£}]

A olosed sxpression is a well-formed expression without fres
placeholders and a closed gquery - the kind of query we are interested

in (1) - iz a closed expression followed by the symbol 7.

D4.7: If B iz a CL-basis and 9 ¢ TypB then:

D
(2) Cleplo) = {a « Wep (o) | FPLla) = 81
]
(b} Cle, =

{a? | ErﬁTypB: o g CleB(T)}

4.3, Examples of gueries

In order to cxpress the gueries that are relevant to a database
bazed on a certain type 2 skeleton, we need a Cl-hasis 2t for that
type 2 skelaton (see D4.2). In this section we present some general

formz of gueries over an arbitrary CL-basls fit for some type 2
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skeleton <g;h> az well as some concrete examples of queries with
respect to the sample type 2 skeleton <gl;hl> (see example 4.2). For
some of these qgueries, we also give account of the rule forms (as
presented after D4.3) used.

In the remainder of this sectien, <g;hr will be an arhitrary
type 2 sgkeleton, E will be a table index (i.e., E ¢ dom(g)), a and b
will be attributes of E (i.e., {a,b} € g(E)), and B will ba a CL-basis
fit for <g;h*. From D4.2 we now conclude that E and Sﬂ[EJ are types of
B, that E is an intengional congtant of type SolE], and that there is
one type 7, and one type 7, sach that a ¢ ArgB(E,ao) and b = Arg, (B,o0,).
Pinally, x will be a placeholdex of type E.

The request for the a=valueg of all E«tuples is expressed by the
{closed) query $x € YE 3(x.a)? which is built up from clauses (3),

(1}, (&), (8'), and finally (). In particulag, if a = NR and E = EMPL
then the get of all empleyee numbers was asked for.

Qften, & request is of the form "Give all E=tuples for which the
a-value iz w" where w iz a particular closed expression of type 9
L.e., W e CleB(ao). Thiz request i2 expressed by
3x € YE A [(x2) 2 w) 1x?, a closed guery that iz built up by using
the clauses (3), (1), (&), (5), again (i), (&), and (0). In particular,
if = EMPL, a = SEX, w = @ and x = @ then the set of all female
employees was asked for. The request for all employess that do not
beleng to department 5 - an example that will be uzed in chapter & -
has a similar form: $& € YEMPL A ((&.DPT) ¥ 5): e?

If =<g;U» is 4 type 1 model in which a ig a key fer E (see DL1.&)
then one often asks for the b-value of thz (possibly absent (1))
E-tuple for which the a-value is w. This can be expressed by the gquery
o€ VE A ((x.a) = w) :(x.b)? which at the came time shows an applica-
tien of clause (9). In particular, the request for the name of
department 5 is of this form: take % = DEP, a = DNR, w = 5, and
b = NAME.

We now illustrate the usze of ¢connector indices as intensicnal
eonstants (gee one of the requirements in D4.2). There are two main
uses of these language eloments, one in combination with @ and the
cther in combination with IMW. We explain these uses below.

Let € be a connector index under <g;h», i.e., C ¢ dom(h). By

Di.8, hiC) will be & pair of table indices, say the pair (M;E). From
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D4.2 we conclude that (M;E) is a type of B and that € is an intensional
constant of that type. We recall that our usual notation for the type
(E) is feluge).

If f ig an expression of type M then (VC @ ) is an expression of
type E which denotes the result of application of the DE function
denoted by C to the M-tuple denoted by B. For instance, ('DEPOF @ s)
denotes the department tuple of the employee table denoted by £, and
(VHA“AGEROF @ (VDEPOF @ B)) denotes the manager tuple of that depart-
ment tuple.

If v is an oxpression of type E then (VC inv Y} is an expression
of type SolM] which denotes the pre-image of the E-tuple denoted by ¥
under the DB Function dencted by C. For instance, (YDEPOF inv v)
denptes the szet of all employee tuples belonging te rthe department
tuple dengted by v.

We finally illustrate the fore-menticned constructs mors coh-
cretely by the following twe exemples of closed queries, both expros-
sing Lhe question whethey or net there is an employea who earns more

than tha manager of his (or her) department:
ta) 3ecVEWPL: ((e.SAL) > ((VMANAGEROF @ (VDEPOF @ ¢)).5AL)}7

(t) 3deVDEP: fn « ((VMANAGEROF @ d) .SAL)] Jec(¥DEPOF inv d):
{(e.84L) » n)?

The latter query shows an application of clause (7) and alsc two

applications of clause (8').
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5, A CLASS OF PROGRAMMING LANGUAGES

5.0. Intreduction and summary

In section 5.1 a set consisting of 44 producticn ruleg and 25
rule forms is presented. Together with <program» as start symbol, this
set can be used to make varlious quasi-cfg's that describe programming
languages inke which the conceptual languages of chapter 4 can be
translated. In order te get such guasi-cfg's, the details of the
production rules for variable identifiera, field identifiers, and
constants of type ZL have to be added to the syntax given in section
5.1; and for more specific applicaticna, the "infrastructure" in
zection 5.1 might be extended with extra production rules for, e.g.,
types, constants, unary operators, hinary opexaters, and standard
prococdures.

after the specification of the common syntax of cur quasi-ofg's
{with <program> as gtart symbol), various comments on the grammar are
given in gection 5.2. In thisz section we alzo mention some context-—
sensitive reguirements a program should satisfy, reguirements which
are not expressed in the grammar iktself.

In order te indicate the way in which our programming languages
can be similated in existing programning lahgnages for data processing,
we will compare parts of them with tws important languages intended
for data handling, nemely, with PASCAL and with COBOL extended with
some typical database statements, the so-called DRTIG proposal. These
comparisons can be found in sectien 5.3 and are orimarily meant for

readers acquainted with one of these languages.
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S.1. The commeon syntax

(00) =program> ::= <block?e

(G “hlocks begin <var.decl part>j <stat.list> end

<var.decl.>

(0Z)  wvar,decl.part>

(03} \<var.decl.part>, “var.decl,
(04) <stat.list» i S8tat. >

(05) |¢stat.list>} <stat.>

(06)  <stat.s :i- skip

wn |hal £

{08) | zazgignm. stat. >

(59) |1 <cond.> them zstat.list> else <stat.list> fi
(109 [T <cond.> them zstat.lists £
(11 |while <cond.» do <stan.list> od
(12} | «klock=

(13 | «stand.proc.stat, »

{14} <types = [B

(15) |72

[16) |file of <types

(17 ‘Prﬁduﬁt +field decl.part> ehd
(18)  «field decl.parts ::= =figld decl.>

(19) | ¢field decl.parts», <fiecld decl.w
{40)  =field decl.» r:= wfield id.»1 <type>

(21)  «var.degl.> = <var. id.;Te: T

{22}  <assignm.stat.= ;= <var_ ;T» 19 <expr.;T>

(23)  <var.;T= ce= wvar_id, ;Ts

(24} |evar.;7m'> » <field id.»

(25) <expr.;Tw 1= Avar.  Tr

(26) |<ccnst.;T:

27y !fun.omr.:TI,T}cexpr,;Tlr

(28) \(<Expr.;Tl}{bin_opr_;Tl,Tz,Tn<expr.;T2>)
(29)  «<cond, = ::= vexpr.; B>
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(30)
(31)
(22)
{33)
(34)
(35)

(36)
(37
(38)
(39
(40)

(41)
(42)
(43)
{44)

(45)
{46)
(47}
(48)
(49)
(50}
(51)
{32)
(53)
(54)

(55)
(56)
(5%

<wonst. ; B>
<un.opr.; B, B>
<un.opr.; &, &L=

<bin.cpr.;m,m,m> R
<bin.cpr.;ZZ,Z,2'l.> 11

«pin.opr.; L, Z,. B>

<ztand.proc.stat. >

<fv.;T>
<expr.; B>
<file gener._ps. >

<var.decl.>
<assigrun. stat.>
~file insp.ps.>

<avd._part;T»

<avd. ;Tw

<link insp.ps.>

rw true J false
tz= nﬂt

and|or| =

- |- |%|div|med
e GlE|L>]=

1ir Petura(<expr, ;T8
|mess{<const.; =)
| <file gener.ps.»
| <file insp.ps.>
| <1ink insp.ps.>

::= <var.;File of 1>

R in(<fv.:T?)

::= rewrite(<gv.;T=)
‘\ﬂ"l‘fe(-ﬂfv.;Tb; <expr.;T:~}

1i= <var.id.;iPs ¢ [P

(P> tm oty T ¥
iT>5 <var.id.;[Ps)
<avd.part;T>)

11= «<var.id.

1 fdP(<fV.
[Tde(<gv. ;58
|fff(<fv. ;T})
|fnf(<fv. ;1)
jread(<fv.; 7>}

rymocavd, T

T

yar. ;Ts)

| <ava.part;T>, <avd.;Ts

::= «field id.» § <e:-:pr.;'r1>
1= Ftefevar.ia. ;1 T to T,»)

|} {<var.ia.;li T to Tl:-)
[0l {<var.ia.:1i T to T,*)
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5.2,

Commentary on the syntax

This gectien contains some explanation and nomenclature concerning

the syntax given in section 5.1,

ad (00): A progroam is a blook followed by a pericd.

ad {{02),(03), (04),(05) }: A vapiahle dealaraiion part consists of one

ad

ad

ad

ad

ad

ad

ad

a0

or more variable declarations separated by commas, whoroeas a

stgtemant 1isf consists of one or morc statements separated

by semicolons. (Thus, & statement list can consist of a
gimgle statement.!

Within a variable decclaration part of a blaock, =2ach
variable may be declared at most once. We note that this is a
context-sensitive requirement that iz neot expressed in the

grammar itsslf.

§(03),(19),(53)}: Wa nze the comma asz a separator if, from a con-

ceptual point of view, the order of the separated items is
irrelevant. For instance, variable declaration parts consist-
ing of the same variable declaraticns in a posgibly different

order should be sonsidered eguivalent,

{(01),(058}, (44), (47),{4B8},(51} }: We use the semicolon &% & Separator

if the order of the separated items can be relevant (e.g.,

the order of the statements in a statement listc),

(10) : The statemant 3 o then & Fi is equivalent to the statement

if o then 5 else skip I and, hence, superflucus, Neaverthe-

less, it is a convenient abbreviation,

(14} : Instead of B, the type identifier Boolean is cowmonly used.
(15): Instead of Z, the type identifier integer is commonly used,
(16) : We call o the base fype of the type file of o,

{(17),(18),(18),(20)}: A preduct type contains a field declaration

parl which, in turn, contains one or more ficld declarations.
A field declavation consists of a field identificr together
with a type. A product type corresponds to what is often
known as a receord fypé; such a type “"denotes" a generaliszed
product (see chapter Q). We recall that production rules for
field identifiers still have to he added.



Within a product type each field identifier may be
declarad only once. Thisvis ancthey context-zensitive require-
ment not expressad in the grammar itself.

Fleld declaratien parts consisting of the same fi=ld
declarationg in a possibly different order should be con-
sidered eguivalent (=ee ad {(03), (19), (521 1).

If o is a field identifier declared in & product type R
then £ is called an operafor type of o and the type menticned
in the (unigue) declaration of g in B i3 galled tAe result
type of o within B or, convexsely, the commonent type of &
aesoatated with .

We note that a field identifier can have saveral
operateor types and several result types, but per operator
type only one result tvpe, because of the context~sensitive

regquirement mentioned above.

ad {(14),(15),(16),(17)}; These tyoes and type constructs are guffi-
cient for the general structure of the tranglations given in
chapter 6. In gpecific applications, however, various extra
types (e.g., a "string type" ®) and type constructs le.q.,
the array construct) might he useful.
By a type tn the wider zense we mean a terminal string
of the nonterminal <tws> when the following production ruleg

are added to the syntax of section 5.1:

<twer i dbyper
|
| 1T <type> t0 <tvpes

The pesitton type TP will be used in (45)=(47) and the so-
called Iink types in (55)-(57).

ad (21) and following: Qur programming lenguages are typed (or
attributed or two-level) languages, just as the languages in
chapter 4. For instance, each wapiable, conetant, and expres-
27on "has" some type, as the phrase goes. (By a type wWe mean
& terminal string of the nonterminal <type*.) Purthermore,
each wiary opsrater has an operand type and a r@sult type,
and each bingry operator has a first cperand type, a seoond

eparand type, and a result type.
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ad (21):

ad (22):

Each of the 25 lines (21) up to and including (38), (367,
(41), (42), (43), (44), and (46) up to and including (57),
containg & rule form instead of a produstion rule (sse the
discussion on rule forms in c¢hapter 2). Each rule form r
stands for a set of produgtion rules: Bvery function £
associating a type with sach of the "parameters” T, T', Tl,
and T2 (in mo far as present in r), gives rise to one produc-
tion rule, namely, the one cbtained from r kv replasing all
accurrences of 4 parameter o £ {T,T‘,TI,TQ} by khe correspond-
ing kype £{g). For example, one of the productisn rules

obtained from the rule form in line (27) is
caxpr.; By ::= cur.opr. : 7, Br<oxpr. i A =

using the functien £ for which £(7) = B ana £(T) = .
A reaseonable (though superflucus) exampla of a unary operator
with operand type Zand result type B is the operator even

where the Boolean expression @Ven § is eqguivalent to the

expression ({2 mod 2) = 0).

The rule form in this line represents infinitely many produc-
tion rules for the nonterminal «var.decl,», one production

rule for esvery type. Two cxamples are:

wyar.decl. = wvay.id.:[B> * B

evar.decl.> ::= <var.id.;file of Z> ; file of Z

We recall that production rules for variable identifiers
still have to be added,
Mote that line (45) contains aneother production rule for

=var-decl._».

This rule form states that the variable and the oxpréession in
@ assignment gtatemsnt must have the same tyne. Agaln, there
are geugrgl production rules for oMe nohterminal.

Note that line (4A) contalins another rule form for

assignment statements.

ad { (23, (25),(26),(41),¢52),(S3)}: with the rule form in each of these
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lines, several nonterminals are posgible on the “left hand
side", but per wossible nonterminal there is only ome produc-

tion rule.



ad {{24),(27),(28),(54) }: In each of these cases gevergl nonterminals
are possible on the left and, moreover, per possible non-

terminal there are severgl production rules.

ad {(23),(21) }: Wher other type constructs are introduced (szee the
flrst paragraph ad {(14),(15),{16),(17} }) then extra rule

foxms for «var.;Tr: might bo useful.

&d (24): This rule form does not express the following sontext-
sensitive requirements:
(a}) for T' a preduct type ¢' must be chosen,
(b) for T a component type ¢ of ¢' must be shosen, and
(c} the field identifier must be a field of ' having § as

itz regult type within ¢'.

2d {(25),1(26),(27),(28)}: Cur programming languages are representative
examples of the kind of programming languages that still
prevail in practice, This particularly holds for the limited
possibilities for making expressions. The present rule forms
for expressions resemble those in zcotion 4.2 only to scme
extent: there are no analogues to the rule forms (7), (8},
and (3) of the "conceptual grammars", Therefore, we cannot
translate such conceptual languages into the present kind of
programming languages in the obvious way, i.e., by translating

expressions to expressions.

ad (28): In line (30) we specify the constants of type IB. The details
of a gpecification of constantz of type Z are net given in
section 5.1. By the way, there are several possibilities. For
instance, each of tha following two possibilities (using the

sample grammar given in chapter 3) will do:
<const. ;&> ::= 0 | <pes.int.>

<const. ;2>

<digit> | <const.;Z <digits

In the latter case, different constants, such as 7 and OQ7,

can denote the same integex. In both cases, not evexy integer
can be denoted by a eonstant but, by means of the production
rule in line (32), every integer can be dengted by an expres—

aton.
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The set of congtants of ethey types varles per program—
ming language. A reascnable atructure for tha constants of an

additional "string type" % would be
<const.;g> L= ‘<char_li5t>’
<char.list> ::= <char.»

| <char,lists<char.r

In other words, a congtant of type 9 is a character 1ist
envloscd by a begin guofe and an and guots respectively.

A5 & more specific example, for our employees=and-
departments databage presented in chapter 1, we could intro-
duce a "genus typo" @G with twe constants, one for "male” and

one for “femalc':
coonst. & .= M|F

ad {(27},(28) }: We have only a few (important) “standard" unary and
binary operatorg; of. the 15 production rules in the lines
(31) up to and including (35). However, our programming
languages can have other unary and binary operators as well;

e.g., for copcatenation of strings:
<b1n.epr.;s,g,g> = &
ad (29): A somditiow is a Boolean expression.

ad {(31),(33)}: These operators are usually called Boolwarn or Logieal

aperatorsa.
ad {(32),(34)}: These operators are known as arithmebic operators.
4d (35): These five operators are usually called velationgl cperutors.

ad (36): By exscution of the standard procedurc statement return(c).
the value of the expression ¢ will ke delivered to the

appropriate "output device" (whatever that may hed .

ad (37): The standard procedurs ME$S is used to deliver various spacial
wessagas such as "Division by zero" and "Existence condition

not fulfilled".

ad {(38),(39),(40)}s For database retrieval, we need some gtandard

procedures for inspection of files and links and some standard
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procedures for generation of (internal) files, in order teo

record intarmediate and final results.

ad (41): «<fv,;T* is introduced only as an abbreviation, in behalf of
the rule forms to come. <fv,;¢> Is the nonterminal for file

variables with base tvpe ¢.

ad (42): At any time af most ome Component per file R (then called the
"current” component of R) is "direectly asctessible", The
standard Beclean expression iR{R) holds when indeed some
component of R is @irectly accessible, and in{R) does not

hold when no component of R is directly accessible.

ad (43) and following: In the explanation of the remaining statements,
we give for each statement its so-called pra-condition
(telling when the statement can be used) and its so-called
past-assertion {deseribing the situation after iLts execution).
If prior te the execution of a statement itz pre-condition is

not fulfilled, the program should be interrupted,

ad {(43),(44)}: We charge no special pre-conditions for the statements
r!'h‘l'ite(R) and write(R;E). For both statements the post—
assertion iz that jn{R) dses not held.
If § denotes concatenation of sequences with components
of type T, €% denotes the empty seguence, and <g% denotes
the one-place seguence (i.e., 1-tuple} with the value of the

expression § ag its component, then the stztement

rewrite(r)} is equivalent to R ;= &£ and
write(k;8} is equivalent to R = R & <&

ad { (46}, (47), (481, (43}, (50), (51} }: as already suggested by the expla—
nation of the file generation procedures, the value of a file
variable R can best be conceived of as a sequence. Such a
sequence, 2ay 5, will be congidered as the cemposition of an
enumgration e of the "pozitions" (or "addresses" or "loca-
tiong") occupied by the compenents of R, and an "occupation
funetion" b assigning to each oc¢cupied position the R—compo-—
nent conterned. In a formila: = = b ¢ e where rngle} = dem(b).

and in a figure:
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natural numbers R-positions R-componants

\ LY

-amh_h___:__.J‘,,ﬂr-

Figure 5.1.

The functions b and e asgociated with the value of R will be
used to explain the effect of the file ingpection nrowvedures
when applied to R.

If <prrikr i3 a sequential storage strusture for a type 2
snapshot <g:h;v;w> and R is the database file corresponding
to some table index E ¢ dom{g) then b will he u(E) and & will

ba r(E); of. chapter 2.

ad {(45), (46), {47 }: With each file variable R therc is associated a

variahle R ¥ of type P, where P 15 a special type called
the pogition fype or the address type. The variable R ¥ is
called the posttion variagble of R {or also the currency
variable of R). We recall that in{R) holds when and only when
scme component of K is directly accessible. when in(R) holds
then the pesition of the "gurrent" cemponent of R will be the
wvalue of R¥. (The latter sentence can in fact he =zean as the
definttion of "current”.) The valus of R¥ will he an ¢lement
of domib).

Sometimes a "current position" in a file iz noeded
agaln at a later stage, i.e., after an update of the currency
variable of that file. Thisz so-called currency problem can be
solved in an elegant manner as follows:

By (45} we can declare auxiliary variables of type [P
which can be usad, by (46}, to “remember" the surrent position
of & file R. By means of (47) an “old position” can be re-
assigned to the currency variable of R, for the statement
fdp(R;y) is equivalent to the assignment statement R ¥i= ¥, 2
"dual" of (46).

ad (46): The pre-condition fer y 3= R¥ is that in{R) heolds., In that

4G

cage, R¥ will have a value p ¢ dom{k). The correspending



post-assertion is that in(R) still holds and that beth y and

R+ have the value p.

ad (47): The pre—condition for fdp(Rjy) is that y has a value 5 which
is in dom(k). The coxrespornding post-assertion is that infR)
holds and that both y and R ¥ have the value p.

ad {(48),(52),(53),(54)}: while fdp accounts for direct acceas by
pozition, fde accounts for direct access by contents. fde
only applies to file variables with a product type as base
type; and in practice, fde appliez only to sdme of these
variasblez. Thege rule formz do not express the context-

senslitive requirements that

(a) for T a praduct type Y mast be chosen;

(b) within each attribute/value declaration (see (54)), a
field identifier o of Y must be mentioned and, moreover,
for T, tha resule type of o within ¢ must he chogen;

(e) within the attribute/value declaration part & of the
procedure statement fde(Rr;e), each field identifier may

be declared at most once.

Because of these xequirements, B represents a functien tsf
congisting of attribute/value pairs. In other words, 8
represents a "tuple fragment" o,

There is no special pre-condition for fde(rjs). the
post-assertion 1s that in(R) holds 1ff there iz a tunle
t ¢ rag(b) such that t, < ¢, and that if in{®) holds then R ¥

will have a value p ¢ dom(b} such that t, c bip). In octher

[
words, if there is an R-comporient having the attribute values
as deseribed by # then iN{R) holds and the variable R¥ will

"point to" such an R-component: otherwise fn(R) does not hold.

ad (49): There is no zpecial pre-condition for the statement FPF(RY.
The post-assertion is that IN(R} holds iff 0 ¢ dom(e), and
that if Tn{R) holds then R¥ will have the value e(). In
other words, 1f the value of the file variable R is not empty
then in(R) holds and RV will peint to the first component of
R; otherwise iN(R) does not hold. Muemonics: Fff stands for
"find firse of file".
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ad (50): The pre-vonditien for FAF(R) iz that in(®r) nolds. In that
casze, M 4 will have a value o ¢ domi{k) ., We xecall that
dom(b) = rngle). Let 4 bo e_i(p}, i.e., the serial mumber of
p under the enumeration e. The corresponding post-asgertion
is that i0({r) holds iff j+1 ¢ dom(e), and that if iN(R) helds
then R ¥ will have the value e(3+1l}). In other words, if there
was & next component then in(R) holds afterwards and R4 will
then point to that next component; otherwise iN(R) does net

hold afterwards. Mnemenics: Fnf stands for "find next of filae™.

ad (51): The pre-conditien for read(rjx) is that in(R) holds. In that
Case, r¥ will have a value p ¢ domib). The corrosponding
post-assertion is that §N(R) still holds, R ¥ still has the
value p, and the variabla x will have the value b{p). In
other words, rﬂad(R;x) aggigns the current Gomponent of R to

x, withput changing the current position.

ad ([ (55),(56),{(57)): The effect of the link inspection procedures will
be explained in terms of & sequential storage gtructure
UiriKkr for a type 2 snapshot <g;h;viwe, ¢f. D2.5. In the
explanation belew, € will be a connector indsx, M will be the

source index of C, and D will bhe the target index of C; in

other words, C ¢ dom(h) and h{{) = (M;D). Furthermore, Pe
will denote the lecation connector for (M;D) based on w(C)
and u, iL.e., the function (uD)_I o w(C) o, from donlu,)

into demluy}, ef. figure 2.1.

The connector index C will be treated a=s a variable of
type 11 m o D, where Vi M t0 D is a special type, a so-called
link typa.

We recall that the source index and the target index of
& gonnector index might be the same. For our link inspecticon
progedures, this will not be tangling since, by definition,
ffl will operate on the current fargst position, while finl
and fteé will cperate on the current source pesition, alsoe by
definition.

; mnemonica: i@ stands for "find target element", ffl for
"find first in link™, and fnl for "find next in link".
48



ad (55): The precondition for fte(c) is that in‘M) holds, In that case,

ad

ad

{56) :

(57}

Mé will have a value m « dom(uM). The corresponding post-
assertion is that in{D) holds and that D ¥ will have the
value nc(m). In other words, afterwards D ¥ will point to the
"Cutarget” of the M-component tnat was current beforehand.
We note that the currency variable of the souxce index
is neot updated 1f the source index and the target index are
not the same, in casu, if M # D. However, if they are the
same then also the currency variable of the source index is

affected (becaunse it is the target index as well).

The pre-condition for FFI(C) is that in{p) holds. In that
cage, D 4 will have a value & « dcm(pD}. The corresponding
post-asgertion ig that in(M)} holds LfF 0 & don (K. (d)), and
that if iN{M) holds then M ¥ will have the value K_(d) (0},

In other words, if at least one M-component is mapped to the
current D-component by the function w(C) then in{M) holds and
M¥ will point to the first M-component in the enumeration
Kc(d) of the M-components corresponding to the D-component

that was currant beforehand; ctherwise in(M) doez not hold.

The pre-cenditien for fal{c) is that in{M) holds. In that
case, M¥ will have a value m ¢ dom(uM). Let a be the enumexa-
tion K (p.(m)) and 5 be 2" @) . The sorresponding post-assex-—
ticn is that in{M) holds iff j+1 ¢ dom(a), and that if in(M)
holds then M will have the value a(j+l). In other words, if
there was a next component in the enumeration of the M-
cotponents with the same "C-~target" as the M-component that
wag current beforehand then in{M) holds aftexwards and M ¥
will then point to that next component; otherwise in{M) does

not hold afterwards.
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5.

A comparison with PASCAL and with the DRTG proposal

In order to indicate the way in which our programming langquages

qan be sipulated in existing languages for data processing, we will

compare parts of them with two important languages intended for data

handling, namely, with COBOL extended with some typical database

sbatements (Che DRTG propesal, of. [CC 8171), and with PASCAL.

Wa start with a comparison with PASCAL.

ad (08): Skip corregponds to the empty statement in PASCAL.

ad (07): By adding the label declaration "lakel Q37 in the program

block and replacing vend," at the end of a PASCAL program by
"0: end.", the statement halt con ke simulated in a systematic

way by the PASCAL statement goto Q.

ad {(0%),(10}, (11) }: The statement lists can be replaced by a so-called

aonpound gtatamanl, and the terminators fi and od can be
daleted.

ad {12): after adding a name to sach block in the original program,

the =statament in (12) can be replaced by PASCAL's pﬂﬂﬁéduré

statement.

ad (36): If o ic an exprossion of type B, Z, or & then peturn(s)

correspends to the statemant write(output,m). However, the
latbor statement is not defined if the type of o is a
strustbured type, e.g., a file type, In a conversion of cur
programming languages into PAZCAL, the conversion of the
return-statement should be defined recursively on the

structure of our types.

ad (37}: Bach specific application of MERS is eguivalent to some

return-statement using an expression of type $; and this case

iz treated in "ad (36)".

ad (42): ih(R) corresponds Lo not eof(n).

ad {(43),(44)}: Our file generation procedures rewrite and write are
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almost the same as those in PASCAL, the differences being
that (1) our procedures allow gny type as a base type (of the
file type), and (2) our procedure wWrite does not have a pre-

condition. Compare, for instance, [HW 73]



ad {(49): fff(R) corresponds to reset(R).

ad (50):

ad (51):

fnf(R) corresponds to get{r).

our read(Rjx) is equivalent to PASCAL's x }= R4 whereas
PASCAL's read(R,=) is eguivalent to our statement list
read(rix); fAf(R). In PASCAL, files are meant for sequential
pracassing only, and therefore it was natural to combine
copying of a component with advancing the file pogition. For
databageg, however, othexr "navigation™ pesgibilities are
feasible as well. This accounts for the two different cholces
pads for read,

ad (45) and following: Of all facilities presented from line (45) on,

only those in (49), (50), and (51) are explicitly available

in standaxd PASCAL!! For instance, PASCAL lacks procedures

for direct access by contents az well as procedures for direct
access by position. Procedures for link inspection, which are

very useful in database=z, are not available eithey,

We continu with a comparison with the DBTG propogal, using COBOL

as the sowcalled "host language".

ad {01}

ad {(08):

The variakle declaration parts of @ll blocks ocourring in a
program must be placed in the so-callad DATA DIVISION of the
corresponding COBOL program. In order to aveid a elash of

variables, renaming of (local} vaxiskles might be necessary.

An assignment statement can be simulated by a COMPUTE state-
ment in COBOL.

ad {{09),(10),(11),(12)}: We have to add a (procedure) name to each

"Blogk statement” and to each statement list occurring in a
while - or if - statement. In the original program each such
block and statement list mugt be replaced by the corresponding
prosedure hane: and the body of each procedure, preceded by
its name, must be specified after the body of the main
program, L.e., after the statement STOP RUN, rFurthermore,
while ¢ do pn od becomes PERFORM pn UNTIL NOT c. (Note that
the systematic replacement of each statement list in an IF-
statement by a progedure call also avelds the problems con-

cerning the pericd in COBOL.)
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ad (36): return(u) corresponds to the statement DISPLAY o if the
(grammatical) construction of the type of o doss not make use
of the production rule in (16). Returning a £ile must be

written out explicitly lusing a PERFORM-UNTIL =tatement).

ad (37): Each specific spplication of MESS is eguivalent to some
retUrn-statement uszing an cxpression of tvpe € and such a

gtatement is esguivalent to a DISPLAY-statcment.

ad (47) and following: Our "find statement™ (statements beginning with
an ) do nol operate on the surrent of rup-unit but on the
current of some frlg. The same holds for our read. In our
Lyeatment, we can dispense with the currents of set Tvhe,
area, and run-unit. We can alseo dispense with the SUPPRESS-
statement, which we consider harmful, to paraphrase [Dk 687.

(Buch a statement chscures the structure of a program.)

ad {(47): This corresponds to the format | of the FIND-statement in the

DETG propesal.

ad {(48),(52),(53),(54) }: Conversion to PRTG will result in some MCOVE
statements - one for every attribute/valus declaration -
followed by a FIND statement of format Z. The conversion is
determined by the following rules (using threc auxiliary

functions Cl' CZ' and C3):

(48) Cltfdcfﬂ;m)) = Cyfa)
PIND ANY R.
(52) oyt w Cjﬁa)
(53) Cz(B,Y) = CZ(B)
SEARY
(54) C_(83e) = MOVE g T &.

3

ad (31): our read(r;x) is egquivalent to GET R, MOVE R TO x, provided
that the current of run-unit has the same value as the

current of R.

ad {(5%),(56),{57)}: Our extra type li ¥ t0 D correspends mere or less
e & DBETG et type with member M and cwner D.
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ad (55): This corresponds to the FIND-OWNER-statement, L.c., Fformat 6.

ad {(5&),(537)}: These are FIND statements of format 4; (56) more or

less correspends to the FIND-FIRST-statement,
FIND-NEXT-statement.

(57) to the

ad {049} ,(80)}: we note that a file variable is often treated as a so-

called "singular set" in DBTG. In that case,

(42) falls under
{56) and (50) falls under (57).
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6. TRANSLATING CONCEPTUAL LANGUAGES INTO PROGRAMMING LANGUAGES

6.0, Introduction and summary

Let B be a CL-basis in the sense of chapter 4 and let P be a
programming language in the sense of chapter 5. We wanl to asgign a
program Z{g) of P to each closed query g hased on B, L.e., to each
q & Clag. (The purpose of the progran Z{g) is to compute the answer to
the quary o.) The translation functien I over Cqu will be defined in
section 6.3. In order to define the functicon I, we need aome auxiliary
funcLions.

To begin with, we need a function  which assigns to each type of
B a "correspending” type of P. Thisz function will be introduced in
section A.1.

in order ke translate expressions containing dcetexminers, we need
two auxiliary functions over the set of dsterminers of B, Both funo-
tipns are introduced in section 6.2.

The most important auxiliary function is a function V which
assigns a statement (list) V(R,u) te a well-forned expression o over B
and a variable R of P. The post-asasertion of V(R,n) is that (R = u}
holds {provided that all presuppositions of @ - see¢ chapter 4 - are
fulfilled). In other words, aftcy execution of V(R,s) the variable R
will hawe the valus of g in the "currant state" (provided that the
value of o is defined in that state). U is introduced in section 6.3,
This section also contains the definition of 2.

in section 6.4, an example of a ¢losed query will he translated
step by step.

In sectiocn 6.5, we present scme important improvements on the
straightforward translation given in section &.3. Ag an illustration,
the sample gquery used in section 6.4 will be translated once again,
this time by using our alternative translation function.

In section 6.6, some special preblems concerning the translation

of connector indices are treated.
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6.1, Translating types

Given a Clwbasis B and a programming language P, we want to
define a function, say F, from the set of types of B into the set of
types of B {or, rather, into its set of types "in the wider sense",
see section 5.2). If the sat of tyvpas of B is defined recursively then
F is uzsually defined recursively as well.

Nztural choices for the types * and int are F(t) = B and
Ftint) = Z . For othex types o of B there is usually seme freedom in
the choice of Flo). In this thesis, we let F(§0[t)) be the type
file of F{1), because a get is usually implemented as a seqguence
(preferably as a one-to-one sequence, i.e., a Seguence without
“duplicates"}. Furthermers, we choose F(f¢lrit'[) to ve 11 F(r) to Flr'),

a type in the wider genze".

If T0 is a primitive type such ag digeusged in section 4.2,
ad (8), then we dafine F(TO) ag the product type in P of which the
field declaration part consists of exactly these field declerations

a ¢t Fla) for which ¢ is & type of B and o is an element of ArgB(TD,a)_
An instance of such a primitive type is the type DEP introduced in
example 4.2. If we choose Fistm = G (see section 5.2, ad (26}) then

it fellows from our definition of F that
F(DEP) = product DNR ¢ Z,

NAR : Z

NAME : %

'

end

A good choice for the “"genus type" @ of example 4.2 is Flg) =@; cf.
sectign 5.2, ad (26).

6.2, Two auxiliary functions for determiners

In ¢lause (B) of the translations in section 6.3 and seetion 6.5
we make usze of a function I which assigns @ statement list T(a,R) to a
determiner & and a variable R. More precisely, if a ¢ DetB(T.T',G)
then R is a variable of type Fla). The purpose of T{a,R) is to initi-
alize the variable R te the value of ths expression caREFA9IS. we

recall from section 4.2 that for a determiner o there is an expression
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2, such that (uBGﬂAm:G = ea) iz an axlom schema, whereas e is indepen-
dent of ¢ and 6, Tor each determiner o in the first volumn of the table
e low, cm s given in the second column and the initialization Ita,R)
is given in the fourth column.

In clause (B) we also use a function ( which assigns a statement
lizt O{a,R,3) to cach determiner o in combination with a variable E
and an expression S of the programming language. More precisely, if
© & Det _{7,7',0) then R is of btype F(g) and & iz of type F(1'). If «
denctes a generaligation - in the senge of sgaction 4.2, ad (8) - of
some binary operation symkol d  then the purpese of Qu, R, 5) is to
azsign to the variable R the result of applying the binary eperation
Arnoted by du te the current value of R and the value of 5. The third
column of the tablo below contains the binary operation symbols con-
carned,

For determiners of the form (29n) we recall from section 4.2 that
(Fon)e€yAess 15 equivalent to (EBEvA(eAé)il On). In translations con-
cerning those determiners, we need an extra variable of type Z in
order to compute the value of EB€ya(ead)il. Tn the tzble below, this
variable is denoted by k. A better translation for deteyminers of the
form (a%h) will be given in section 6.5.

o e, 4, T(a,R) Ole, R, 8)
E 0 + R I= R = (R + 5)
T 1 X R Ixl R i= (R ¥ 5)
3 L v ® 1= false r = (r or 1)
v T A K 1= true R 3= (7 and s)
$ # U rewri te(z) write (r;s)
(Fon) | (0an) k i=0p roi= (kEn) | If 3 then x 1= (x + 1),
R = {kﬂn)
fi




6.3, Translating queries inte programs

A translation function I fxom the conceptual language gencrated
by a CL-ba=is B intg a programming language P is defined in c¢lause ()
pelow. £ iz defined in terms of a function V which assigns a statement
list V(R,a) te each well-formed expression o over B in sombination
with 2 variable R of P. More precisely, if o is of type ¢ then R is of
type F(o). The definition of V will be by recurgicn on the structure
of the well-formed expression {i.e., the =econd component}: The 9
clavses below correspond to those in section 4.2. Exgcution of the
statement list V(R,a) will terminate if all "set~valued” subexpressions
of & {i.e., all subexwressions with a tyre of the Fform QD[TJ) denote
firmite sets. In that case, the variable R will have the value of the
exprassion o in the "current state", provided that the value of o is
defined in that state. In a database application, the current state
will be the current DB snapsheot; of. D1.2. If the valua of o ig not
defined then an appropriate message will be returned; see for instance
the translation of clause (9). It can be proved that if V(R,a) is used
within the translation of a closed query then the resulting program
will contain a declaration of the variable R, and the tyvpe of R will
be Flo) if the type of o is o.

The straigtforward translation presentad in thisg zection ig
uniform and eagsy to comprehend, but it will produce inefficient
programs. Therefore, gome (very effective) refinements will be
presented in section &6.5.

We start with the translaticn rules sec and then we give some
somments, first on some common features and then on the individual
features of the translation rules.

Strictly speaking, not the expressions themselves are translated,
but theiy derivation trees (based gn the grammar proposed after D45
in section 4.32). The reason ig that the fypée of the (sub)expressions
will play a role in the translation and these types do not cocur in

the expressigns themselves but in their degxivation trees.
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@) Ztah - beain & 1 Flo)§ vz, § return{r} end.

1y Vir,al =R i=
2y (R, ® = SO(U.,R)
(30 V(r,Y =R iz g

(4y VIR, aB)

begin # 1 F(z}j V(H,8)5 5, (a,R,H) end

5y Ve, {Buy)) begin v 1 F(u), B' 4 Fir'l}
Vid, Yy V(H' v

7t
SQ(M,R,H,U )

6) V(R (8.0)) - begin H ¢ F(04 ViF,B1§ & &= Heo end
(7 ViR, [eerly) - begin & 3 Fluy Ve, 63 ViR, end
(8 V(R,uf€rAqid) =

begin & ¢ Fiu, & 3 Fisolc), »t By n 1 Flag
T(a.riy Vim vy FEF(H)4
while in(n)
do read(ujz)s
Vig,g13 If B then V(g' 65 Ola,r,E") iy
fof (=)
od
end

(3) ViR,gB€yApid) =

begin & ! Fi1yy u 1 Fiselt)r, B 2 By
B := false; Vi, vy FEE(H),
while (in(z) and net 1)
do read{n;i);
ViE, 00}
i€ not = then fnf(x) fi
od;
if B then V(r, 6}
else mess(1)z halt
fi
end
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We follow with some comments on the translation rules just

introduced.

ad {(0),(4),(5),(6),(8 ,(9)}: In translations using these clauses, new
(local) wariables are introduced. (In the translation rules
above they are denated by the meta-variables R, H, E', and B.)
In each applicatieon of one of theze ruleg within the {(recur-
sive) translation of c¢ne and the same guery, we must use
"fresh" variables, i.e., varlables that are hot already
introduced elsewhers within the translation of the guery

concerned.

ad {(7),(8),(9) }: The variable declared in the {(first) variable
declaration in the bloek produced in (7), (8), and (9),
respestively, is net Y"fresh", but is taken over from the
"source expression”. (We denoted these program variables by
the meta-variables o, B, and B, respectively.) AS a conseguence,
2 placeholder of type T in the conceptual language should also
ocour in the programming language, namely as a variable of

type F(t).

ad {{2),(4},(5)}: In these clauses, Sq e R), sl(u,R,H), and 5, (a.R.HH")
are statement lisks that have to be spacified per constant, per
unary operation symbel, and per binary coperation symbol,
regpectively, The intended postwasaertien for SO(Q,R) is that
(’ = @) nolas, fox $,{a,R,H) it is that (k = o¥) holds, and
for 52(&,R,H,H') the intended post—assertion iz that

{r = [(Hur')) nelds. In other words, & (a,R) is agquivalent to

0
"R o= g', Sl(a,R,H) i& aguivalent to "R :m oH", and Sz(a,R,H,H')
is squivalent toe "R := (HoH'})". Examples will be given furthex

on, when we treat each of the clavses individually.

ad {(1),(3)}: Intensional constants correspond to so-called externazl
vardiables, i.e., variables that already exist cutside our
programs; together, they constitute the Informmation sysiem we
want to ask questions about. Placeholders, on the other hand,

translate to variables that are local to our DYograms.

ad (0): We want to translate "expression languages" (as presented in
chapter 4) into “statement languages" (as presented in chapter

3). Although these two kinds of languagesz have a completely
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ad
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{2} :

() -

Aiffarent nature, ¢lauge (0} shows us a 3imple structurs for
the translation of expression languages into statoment
languages: A guery i translated to a program in which an
auxiliary variable is used to ¢ompute the answer to that gquery
and then the result, i.e., the value of that variable, is

returned.

S,la,R) necds to be specified for each constant o separately;
it has to be 2 statement (list) equivalent to "R == a'.

Examples are:

5, @R = rewrite(r)

$pdeR) = R 1= false
Sg {T,R) = R i= tree

5,(0,R) = 2 1= a for every o ¢ Con(int)

Sl(u,R,H) needs to be specified for =ach unary operation symlsl
n separately; it has to be a statement (list) cguivalent to

"R := gH". Examples are:

5, (sngl,m, 1) = vewrite(r); write(z;g)

5, CThR,mM = R not
&) (= RH) =R 4= =H
sl(qu,H) =R i=H

Sz(q,R,H,H') needs to bhe specified for esach binary opuration
symbol o scparatelyr; it has to be a statement {list) equivalant

te "R := (Hal')}". Examples are:
s, fR,0,0) = & 1= nod(E 2 H')
5, 0p, R, 5, 4) = if & then » 1= 0’ else r 32 true fi

8, G R H, 1) = if (g = Q) then mess(0)g halt
else & 1= (B div 85°)
fi

Hence, if o is the binary operation symbol & and the denomina-
tor turns out to be zero then the standard procedure MESS is
called and after that the execution of the surroundihg program

will be terminated. The call Mmess({D) will return an appropriate



message, say "Division by zero". A more refined message
handling is also feasible, cf. =d (9).

Furthermore, if o is A, V, &%, or X then there is a
"corresponding” symbol @' in the programming language (ﬂnd,
or, =, and ¥, respectively), and Sz(u,R,H,H') will simply be
R = (Ha'H'). For each o ¢ {*,—&,2,%,»,5} the corresponding
symbol iz ¢ itself.

ad (6): We conclude from section 6.1 that the argument o will also be
a field of F(r), the type of H.

ad (7)1: Before the value of y is computed, the variable (and "former

placcholder”) o will be assigned the value of the expression B.

ad (8): We have several comtents on this clause:
1) We obtain a tramelation rule for the additignal clause (B')

in section 4.2 by replacing line (B_%} by
V', 6)§ Ota,R,H") (ar.s)

In this case the declaration of the auxiliary variable B in
line (8.1} can be deleted.

2) If o ig of the form (HSH) then an extra auxiliary variable
of type Z has to be dsclared in line (8.1); see alsg
section 6.2 and section &.%.

3) If the expression iﬂft(H) denctes the =zet of file components
up to (but exeluding) the current component of H whenever
in(#) nolds, and init(") denotes the set of all file com—
ponents of H when not in(#) holds, then

(r = ot € init(E)ag:s)
iz & so-called iwvariant of the while-loop (ses, e.g.,
[an 787 .

2d (9): There are two important invariants of this while-loon;

ta) —Epginit(a) iy
(o) if B then o

after termination of the whil@-statement, (& or net in(m))
holds. If B holds then by (k) ¢ holds for the current value of
B (for which {2 € v) alse helds); then 6 is computed for this
value of . If 8 does not hold then ROt in{z) heclds. In that
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case, INit{H) denotes the value of #; this valne will be the
value of y, thanks to the preceding statement list U(M,y).
Hence, LE B dees not hold then =— 3p€yip holds by fla) and,
consequently, the presuppostiion ABEyi¢ (of the svurce expres-
sion OREYAD:S) does not held. Therefore, a message will be
returned in this caze and the execution of the surrounding
program will be terminated. An appropriate message would hbe
"Existence condition not fulfilled”,

A more technical roply (expressed in the congeptual
language itself) would bhe to return the text — AREyiy, 1.2,
the juxtapositlicon of the symbol =, the symbel 3, the texl our
meta-vartakle B séards for (1), the symbol €, the text v stands
for, ate, This can be acvomplished by replacing ness(l) in
re (2.9) by return(*13sey:e?).

Similarly, mess(0}, in one of the examples of clause (5),
could be replaced by return(fy = OV).

6.4, An example

A simple example of a closed guery soncorning our amployews-and—

departments database (gee example 4.27) is
$e € VEMPL A ({2.DPT) # 5): a7

This query, asking for the set of all cmployees that do not belong to
department 5, will he translated step by step. A number above an
equality sign will indicate the translation rule applied there. For
convanience, $e € VEMPL A ({e.DFT) f BY: e is abbreviated by ul,
((e.DPT) # 5) by ¢1, and {e.DPT) by 1. The type of al is so[EMPL] ana

from section 6.1 it follows that

F(EMPL) = product DPT : &,
NAME: 3,
N 3 Z,
SAL 1 Z,
SEX ¢ &
end



F(EMPL) will not be written cut again hereafter. As auxiliarzy variables
we will successively choose xo, m, x2, eto.
After this explanation, we are ready to present the translation

of our guery:

ZiatD ‘2 begin X0t FisolEMPL) 3
VX0, at)y
return{X0)

end.

whare F(solEMPL]) = file of F(ENRL)
and  VX0,a1) = VX046 € VEMPL A g13 @ ‘¥
begin e: F(EMPL)y X1: F(SOLEMPL]), X2: DB, X3: F(EMPL)}
1¢6. X005 vt VEMPL) 5 FFF(X1)5
while in(X1)
do read(Xlje)s
ViX2,9135 if X2 then V(X3,@)5 04, X0.X3) fiy
fnf(x1)

od
end

From section 6.2 we conciude that I($, X0 = TEVII!‘“’.E(XO) and
03,%0,%X3) = write(xo;xsj. Furthermore,

vxt, VML) 2% x1 e= EMPL
V(X3, e ‘D) x3 = e
VX2, 91) = VX2, (81 # 5)
‘2) begin X4: Feint), X5¢ Fiint);
V(X4,81)5 VX8, 5yy
5, 4, X2, X4, X5)
end
where &, GA,X2,X4,X6) = X2 = not(X4 = X5)
and VX582 5 (5.,X8)
X6 1= 6
ana  V(X4,81) = VX4, (e.DPT); ‘&
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begin X6: F(ENPL)§ V(X6,er5 X4 := X6.DPT end
Pinally, VX6, e (-14) X6 = @

The complete program (in which, however, F(EMPL) is not written
out) is given below, The resulting program is obvicusly very ineffi-
cient. In section 6.5, however, we present a more refined (though less
uniform! function V' with which much better (i.e., more cfficisnt)
programng are cbtained. For the result of the translation of our sample
cuery according to V', we refer the reader to the end of section &.5;

the result according to V is:

z(3e € YEMPL A ((e.DFT) # G): &) =

beain X0: file of F(EMPL)g
begin et F(EMPL), X1: file of F(EMPL), X2t DB, X3: F(EMPL)§
rewrite(X0); X1 := EMPL; fFF(X1)y
while in(X1)
do read(X15e)s
begin X435 Z , X5: 73
begin X6: F(EMPL)Y
X8 1= ey X4 := X6.DPT

end;
Xb 1= by
X2 1= not{X4 = X%)
ends
if X2 then X3 := eg write(X03X3) fi}
fnf(X1)
od
end;
return(X0)
end.
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6.5. Some Lmprovements

In this secticn we present some improvements con the straight-
forward translation set out in sectionh 6.3. Moxe specifically, instead
of V we will present a function V' with which we obtain better (i.e.,
more efficient) programs, On the other hand, V' is more laborious than
V (kecause of the case analysis intxoduced). 27, the associated trans-
lation function, is defined in terms of V' in the zame way as ? was

defined in tarms of V:

2 M = begin r: Fio)y V' (r,a)3 return(r) end,

Before we describe V', we introduce the netien eof a sinple ox-
pression of a conceptual language. Infermally, an expression of a
conceptual language iz simple if there is an equivalent axmression in
each programming language of the form described in chapter 5. Formally,
the following recursive definition determines for ecach expression of a
conceptual language {(in the sense of chaptar 4) whether it is simple

QF not:

- an expression that arises from clause (1) or (3) of D4.3 is simple;
- &, from (2), is simple iff ¢ is of type t or o is of type int;
- ap, from (4), is simple iff £ is simple and o ¢ {—,—4+};
- (BQY], from (5), is simple iff B and y are simple and
aither o ¢ {A,v &35, 4, — <, 2, 5,>]
or & ¢ {=,¥) and B iz of type Int;
- {Bee), from (B), is =mimple iff B is a so-called I48-swpresston,
i.e., an expression that is huilt up by using enly clauses (1), (3},
and (&);

- &n expression that arises from {7), (8), or (9) is nét simple.

We leave it to the reader to prove that all 136-expressions are simple
and that if an expression is simple then all of its subexpressions are
simple as well.

For sach gimple expression & af eqguivalent expression Wie)
- belonging to each of our programming lLanguages — is defined recur=

sively az follows:
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(1 Wiw) =«
3 WV =«

(2 W = false
wiTy = teue

Way = o for every o ¢ Con(ing)

4y We—=wy -~ not Wepy
Wi=g)y =—=We)
Wi gy = We)

sy Wile #£ v} - net{Wear = Wiv))
Wi{ray)) - (WR o' Win)
if o i A, W, & X, +, =, £ ¥ £, > or =, and
g isand, or, =, X 4+, — € ¥ £ * or =,

respoatively

&) Wi{e.al) = WRaa

An example of a simple expression is tho expression ({e.DPT) # 5}

which we nsed in section 6.4. By the rules ahove,

W(((e.DPT) £ 5)) - not(e.DPT = 5)

We note that for each 136-expression e, Wle) iz a variabhle of the
progragming languange; of . section 6.3, ad {(1),{3)}, and line (24) in
section 5.1,

By means of the functicn W, which is defined over the set of
simple expressions, we can give several improvements on the translatien
set out in section &.3. To start with, we glve & of the 9 clausesz of
the definition of V'. The uclauses {5), (&), and {(?) will be treated
later. In the following survey, the definition of our new translaticn
function Z' - in termz of the not yebt completely defined function V' -

will alsc be repsated.

0 2t = begin v Flody V' (R,a); retern(r) end.
(1) V'{(R,a) =R =
2y ViR, = So(u,R)

(3 V' RVYw =R iz
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(47 V" (R,af) = Sl(a,R,W(B)) if 8 is simple

V' (R, 0B) = begin 5: F{Dy
Vrim, By
Sl(a,R,H)

end if 6 is not simple

6) V' (R,(Bsa)) =R 1% W{B).a if {B.a) is simple
v (r,(B.c)) = bagin u: F(r)j
U (m.8)3
R 2= Hett

end if {B.¢) iz not simple

(7 VR, [0 eely) = begin e F(ng V' (2,85 V' (rR,7) end

For clause (5) we have a more claborate case analysis. Just as
there are 2 cases in (4), i.e., for a wngry operation symbol, there

are 4 cases for each binary cperation symbol o in (5):

{C11) both B and y are simple,

(C10) B is simple and v is not simple,
(©01y B iz not simple arnd v is simple,
(CO0} both B and v are not simple.

(In general, for an n=-ary opsration syuboel there would he 2" cases,)
If both # and v are simple then we treat all binary operation symbols
in the szame way, but in the other three cases we will distinguish

between

(@) o/ {A,v¥ and () o e {Av3) .

We start with (Cl1) and the (a)-versions of {CL0O}, (COLY}, and

(CQ0) , respectively:

(5} U (r, {Bxy)) = 5, (o, R W(B),W(¥))

2
Ve (e, (20y)) = begin m'iF(1)y V' B,y s, R,WE),HY) end

Ve (r, (Bay)) = begin 1t Fooyg VOE, 8§ 5, (a,R,u,00)) end

z
V' (R, (Bay)) = begin s Fim)y m't Frinyg
Vrie, Bry Ve vy
SE(Q,R,H,H')

end
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s an oxample of the difference between V and V', we note that
V1 (X2, {(e.,DPT) # B)) is the single statement XZ 5= not(e.0PT = G}
whoreas VX2, ((@.0PT) # 8)) i= a block contalning 4 statements and 3
axtra auxiliary variables (see the 6th up to and insluding the lith
line of the program at the end of section 6.4).

It is easily (albeit recursively) proved that if o iz simple then
V' (R, o) will be R 2= W) !

Wo continu with the (b)-versions of (C10) and (CCO):

(5 VR (B A v)) = V(R B} if r then V' (r,y) fi

Ve (B v v)) = (R,B) 4 if not r then V' (r,y) Fi

V' (R, (B vy} - V' (R, 8)4 if R then V' (R,v) else R i= true fi
Thanks to these rules, the computation of the value of y is sometimes
avolded in the resulting somputey program. This can be very profitable

Lf this computation is expected to be laborigus.

Finally, the (b)-version of (CO1) reads:

(5) VR B A v) - VR4 if R then V' x,8 fi

Vir, (6 v v) = ViR if not & then VR, p) Fi

V' (r, (8 % v)) = V'iR,v)j if not & then V" (R,8)§ R = not & fi

4
Heure the computation of the valus of £ 1= sometimes avoided( ).

Moreovey, we note that in all (b)-versions no auxiliary variables are
needed,

We point ocut that if a presuppesition of ¥ (respectively B) is
not fulfilled then the first (rxespectively the second) set of alter-
natives for A, ¥, and = might give other responses than the original
proposals in section 6.3. The first set of alternatives implements the
semd? gronal version of each of the three gymbols, and the second

alternative for A respectively v implements the conditiconal version of

4
4 As a congequence, this alternative would sometimes be better for

the case (COD) as well, for instance if on certain grounds, maybe
on mere gyntaatic grounds, the computation of £ is expected to be
mich more laborious than the computation of v, and (on “semantic
grounds) the "situation" y zeems te be unlikely when dealing with
A (or rather likely whon dealing with ¥ or ).
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{y A B) zespectively (y V E). The original proposals, on the other
hand, preserve the "symmetry" {(or commutativiiy) of A and of V.

one of the reasenz that we payed extra attention to improvements
on the tranzlation of the symbols A, v, and o iz that those symbols

ocour rather freguently in practice, notably the symbol Al

Alse for the clausas (B) and (8') we have several improvements on
the translation given in secticn 6.3. For referential purposes, we

name them (&), (b)Y, (c), etc.

(a) First of all, V'(R,uBEyAp:d) will not be expressed in terms

of V but in terms of V', an improvement in itself.

() Furthermore, f£or scome determiners the condition in(H) in line
(8.3) can be replaced by a stronger one. For the determiners TT, 3, and
v a stronger gondition is given in the table below. (In (d), the

determiners of the form (aan) will be treated separately.}

| & stronger condition wrt., @
{in(z) and not(r = 0))
(in{x) and not gr)
(in(=) and gr)

< A fr

{¢) If & is the determiner V¥ and the styonger condition wrt, o is
used, then ((w,R,H'), i.e., the assignment statement R i= (n and &'},
is equivalent to R 1= H'. Consequently, the fragment "[(H',&)g Otu,m,A0)"
ooccuyring in ling (B.5) and in line (B8'.5), can be zimplified to
"Y' (R,6)". Moreover, the variable H' and its declaration in line (8.1)
¢an be dispensed with.

If a iz the determiner J then the fragment "V, 8§ Ofa,RE"Y

can alge be replaced by "V'(R,5)", by a similay argument.

(d) We recall from section 6.2 that in the translation concerning
a determiner of the form {3%n) an extra variable of type Flint) will
be uged. If k denotes that variable then the condition in(H) in line
{8.3) can be replacad by the stronger cendition (in{H) and (k £ n))
begause, informally speaking, the definite value for the Boolean
variable R is known as soon as (k - n) helds. (If & is the symbol € or
2 then even {in(H) and (k < n)) would do!) Furthermore, it is suffi-
cient to pexform the assignment statement R 1= {k #n) only once,

namely, after the while-statement, and not before and with every
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ftergtion of the body of Lhe while-statement, as in the original
oroposal. These considerations lead us teo the following translation

achaeme:
(8 U (R, {380)6EvAgrs) =

begin gz Fir), 82 Fisol:]), »+ B, w't B, ki Zj
wo= 05 V' (H,y) g FRE(n);
while (in(z) and (x 5 n))
do read (1;8)4
VB, g g
if 5 then Vi v 60y
if w then k := (k +1) fi
i
fnf(a)
ods
R #= (kin)
end

The exprewslon {k = Ep € init(E)} A (v a 6)% 1} is an invariant of the
while-loop. T this connection, we recall that {Bén)EEyAesd is egui-
valent Lo {EB & v A {#AB): 1 #n). The main advantage of the tranclation
given above over the translation associated with the latter axpression
ig the stronger while-condition™, namely, (in(ﬂ} and (k L) n)) versus
in(s).

We note that the extra variable B of type [B can he saved by

using H' instead.

(2) The next improvement appliss if ¢ or & ls simple:

- if ¢ in clause (8) is simple then the fragment "V(B,gij if B then"
in the original preposal fand "' (E,p)y if B then" in our proposal
for {Fvn) in (@)} can be replaced by "if Wip) then", and the declara-
tion of B ran be omitted.

_ if & in clause (R), or in clause (8'), is simple and o / [¥,3} then
the fragment "V(n',&)3 O(u,R,H')" in the original proposal - see
lire (B.5) and line (8'.5) - can be replaced by "Olo,R,WN(8))", and
the fragment "Y' (@', 8)y if §' then" in our latest proposal for {3on)
cen be replaced by "if Wis) then". In poth cases, the declaration of

H' can be omilbted.
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For o ¢ {¥,3} we already introduced a better proposal in (e),
namely, to replace "V(d',&§ Q(a,RH")" by "V'(R,§". This proposal

aven applies if § is not simple.

Both improvements mentioned in (e) apply to our example used in

saction 6.4. The ilmproved version of line (B8.5) results in
if not(e.DPT = 5) then write (X0;e)} fi;

whergas line (8.5} originally resulted in 8 lines of code; zee section
6.4

The following (important) improvement applies to sach of the
clauses (8), (B'), and (9). If y is a 136~expression then v is a
simple expression and {{y) L= a variable. Therefore, it is feasible to
choose for H the variable W(y) itself. In this case, the declaration
of B and the fragment "U(H,v}§" can be omitted, and the other (four)
ocourrences of H mast then be replaced by "W(y)".

We note that this improvement iz very &ffe¢tive =ince the omitted
statement list V(H,y) represented (needless) copying of a complete
file!

A poszible consequence of the fore-mentioned improvement is that
it can introduce a currency problém: Unlike the "new" variahle H, the
"old" variable W(y) can play a role in the program fragment that
arises from lipne {8.5), (B'.5), or (%.5), respectively. In particular,

the currency variakle W(y)+ could be affected in that program fragment:

- by one of the file inspection procedures of Line (47), (48), (49),
or (50) of section 5.1, namely, if the file variable concerned is
Wivy,

- by a link ingpectien procedurs of the form FE@(C), namely, if Wi(vy)
happens to be the farget index of ¢, or

- by FA(C) or fal(c) if Wiy) happens to be the source index of C.

On acegunt «f the statement fhf(W(v)) in the sixth line of the trans=
lation scheme, the original value of W(y)* has to be "remembered" when
such a currency problem is menacing, We can do this by introducing an
auxiliary vaxiable B' of typs JP and enclosing the £ifth line of the
translation scheme by the "dual" statements g7 I= W(y)* and

fHP(W(Y); '), respectively. For clause (8}, for instance, this

results in the following translation scheme:
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(8) V' (R,op€yAqid) =
begin g2 F(t), '+ ®, B2 B, a'¢ Flr"y
Tia,m)y FFF(W(Y))}
white in{wiy))
do read(W(y)3k)5 &' = Wind
Viig, )3 if & then v (x',6)5 O,k 1) Fiy
fdp(i(v)58')§ Faf(liey))
od
end

In our example used in gection 6.4, VEMPL iz a 13Beaxpression, o
the fore-mentioned improvement applies; it docs not introduce any
currency problem. When we uge the translation function ' (and hence
the function V') then we get a considerably better program, indeed, a

program as good as a "hand-made” onae:
7v§e € YEMPL A ({e.DPT) # 6): e?) =

begin X0t file of F(EMPL)3
begin e: F(EMPL)}
revrite(X0); FFE(EMPL)3
while {n(EWPL)
do read(EMPL3e)y
if not{e.pPT = 8) then write (X0ye) fiy
fnf(EMPLY
od
ends
return{X0)
end.

&.6. Translation yules cencerning connector indices

In database applicaticns, the binary operation symbols e? and inv
are uzeful in ceombination with connector indices, s=e section 4.3. The
rranslation of these special combinations is given below.

With the rule forms
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<AUX;0> ;= <P;0> (RF1)
[(Yer:€eljo)> @ <aux;rs) (RF2)

the set of all terminal strings of the nonterminal <Aux;ao> iz a sub-
set of the zet of all well-formed expressions of type Op- In the
context of a Ch-bagis B, this special subset will be denoted by
Spde(UO)A

In the remainder of this section, <g;h> will b2 & type 2 skeleton,
B wWill be a CL-basis fit for <g,h: (ses D4.2), € will be a connector
index under <g;h¥, and h{C) will be (M;D). From D4.Z we conclude that
T is an intens=ienal g¢onstant of type fC[M;D] within the CL=basiz B.

For each 4 € Spdb, (M) and each variable R of type F(p), whers F
is the function intreduced in section 6.1, we define the following

translation rule:
vir, (Ve ®4)) = 4,5 fte(c) read(o;R)

where AM(¢) ig a statement list to he defined later on. The intended
post-assertion of A, (¢) is that in(M) holds and that the value of the
“position varieble™ M¥ will be the position of the M-component
described hy 4. With this post-asssrticon of AM(¢), the post-asserticon
of the fragment "A (0)} fle(C)" implies that the value of D ¥ will be
the pesition of the "C-target" of the M-component dessribed by 4 of.
sgction 5.2, ad (55). Finally, it follows from section 5.2, ad (31),
that the post-assertion of U'(R, (Ve @ ¢)) implies that (r = (Yo @)
holds, as it should he.

Ancther gpecial case of interest for databasce applications is the
caze that the well-formed expression vy in c¢lause (8), (3"), ox (9 in
section 4.2 is of the form (YC inV ') where ' ¢ Spdb (D). The
following translation scheme for clause (8) also account:z for the
pessibllity that the currency variable of M could be affected, the
only currency problem that could arise in this case.

8) V' (R,ab € (vc inv 4') A g% 5) =
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begin #: Fimy g's Py nt B, a't Frndy
Tia,Ryy Aty FEI(C)Y
while in(m)
do read(mMze)y B' 1= u ¥y
V(g9 if 5 then v @, 8y ¢la,r,EY) Fiy
fdp(u3a); fnl{c)
od
end

In neo currency problem can arlse then the statements B oi=NM +
and fdp(M3a’) can be omittsd, just as the declaration of 8'. The
translakion schemes for the other ¢lauses are similar.

We noto that the post-asscrtion of A_{4') is that in{D) holds
and that the value of Dd will be the position of the D-component
described by §'. For an explanation of the statements fF1(C) ana
fnl(c), we refer the reader to section 3.2, ad (56} and ad (57).

We still have to define a functlon A over demig), the set of
table indices of the type 2 skeleton <g;h», such that AE is a function
over 5pdeLE) £or each E ¢ dom{g). The definition will be by recursion
on the rule forms (RFL) and (RF2) at the beginning of this section:
the parametors 1 and ¢ in these rule forms will vary over dom (g) .

For each € ¢ dem(g), o ¢ domlg), ¢ ¢ Spdbglr), and X ¢ dom (h)
such that b(x) = felrge] we define:

(Re'2) A (Ma@ e = A (g fte(x)
For o ¢ Qom{g) and B ¢ PlhB(o). AU(B) can be defined as
(RF1) A8l = fde(oga20.a)

for any key a for u. (We note that we used (48), (521, and (54) of
section %.1.) Depending on the context in which AH(B) ig used, other
choices might be better. PFor instance, if it is used in a2 context in
whirh there iz a position variable #' of which the value happens to be

the position of the o-component described by # then the choice
(rF1) A 8) = fdp(og8)

would do. For example, in the translation schemes for clause (8) given

in this section and at the end of the previcus section, V' (B,¢) and



V* (H', 4] otour in such a sontext. In a context in which the value of
¥ is already the positien of the gecomponent degeribed by g - a
situation that osecurs frequently in practice - AO(S) can even be

emitted,

A= an illustration ¢f the fore=mentipned tranglation rules, the
two closed gqueries presented at the end of gection 4.3 wil), ba tranzs-
lated. These queries are repeated below, We regall that hoth gueries
express the quesztion whether or not thexe is an employes who sarns

mora than the manager of his department.

(a) Be'EMPLr ({e/SAL) > ((VMANAGEROF @ (YDEPOF (@ e}).SAL)}?

by 3deVDEP: [n = {(YMANAGEROF © d).5AL)] 3ec(YDEPOF inv d):
((e+SAL) > n)?

In the follewing translation of (&), (VDEPOF @e) ic abbreviated
by 1, (VMNAGEROF @ 1) by 81, (1.58L) by v1, (e.SAL) by a2,
(22 % y1) by 41, and 3ec'EMPL: §1 by ol.

(a) I'(al? = begin X03 B3 V' NO,x1)} return(X0) end.
where V' (X0,q1) = U' (X0, 3¢ EMPL: s1) ‘B
begin e; F(EMPL), pe: Py
1(3,X0)4 FEF{EMPLYY
while (in(EMPL) and not X0)
do read(EMPL3@)S pe o= DNPL ¥}
V' (X0,51)%
fdp(EMPL3pe) 5 fnf(EMPL)
od
end

since YEMPL 13 a 136-sxpression and the usa of 0/(EMPL) will introduce
a currency problem (see below). Furthermore, we applied improvement
(¢} mentioned in section 6.5 for slause (8').

F(EMPL) is written out in sectien 6.4. By sectign 6.2,

I1@3.X0) = X0 += false

Next,
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X0, 8L) = VXD, (B2 > 1)) 2

begin X1: Zj; v X4, vy 5,0, X0,Wip2),X1) end
by the (a)-version of case (C1Q) for clanse (5), see section 6.5. By
section 6.3, ad (5),

32(>,X0,W(62),X1) ~ X0 2= (w(a2) » X1)

= X0 := (e.SAL > X1)

Furtharmere,

vk, y1y = U oxd, (14541 (8

begin XZ: F(EMPL)5 Vr(X2,81)3 X1 i= X2.SAL end
whare

v X2, 81 - v X2, (YMANAGEROF @ y1)) =

Appp(#1)y fLe(MANAGEROF) 3 read(EMPL3X2)

according e the first translation rule mentioned in this section. By

the translation rule for (RFZ},
V = r
Apgp 1) = Agep(( DEPOF@e)) = Apyp (€)3 Fte(DEPOF)

and by the first alternative for (RF1).

AEMPL(E) - fde (EMPLyNR: e.NR)

The second alternative for (BF1) can ke applied as well, namely,
by using the position variable pe. In fact, the third (and most
desirabla) altarnstive - omitring Agyp (@) in the translation result
of ADEP(WI) - can also be applied herxe.

If we choose the "context-free alternmative”, i.e., the flrst one,
then the final translation result iz as follows {except for writing
out F(EMPL)):

7' (306" EMPL: ((e.5AL) > ((MANAGEROF @ (YDEPOF @ <)) .5AL))T) -
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begin X0: B;

begin ¢: F(EMPL); pe.IP;
X0 := false; FFF(EMPL);
while (in(EMPL) and not X0)
do read (EMPL3e); pe := EMPL ¥
begin Xi: Z;
begin X2: F(EMPL);
fde(EMPLINR:
Fte(DEPOF)4
fte(MANAGEROF) 3
read (EMPL3X2)3
X1 = X2.5AL

e R) g

end;
¥0 = {e.SAL > X1)
endy
fdp(EMPL;pe); Fnf(EMPL)
od
endy
return(¥%0)
end.

In the following tranglation of (b} - the other cleozed guery -

((e.SAL) > n) is abbreviated by &3, Fe€(YDEPOF inv d)? &3 by v2,
(YMANAGEROF @ d) by 84, {64.5AL) by 83, [n «831y3 by &2, ana
ade"DEP: 62 by a2,

(L)

where

I'(a2?) = begin 01 By U' (X0,a2)5 return(X0) end.

V' (X0,a2) = V- (X0,3de"DEP: o2; ‘&)

begin d: F(DEP);
1(3,%013 FFF{DEP)y
while (in(DEP) and not X0)
do read (DEPyd);
Ve iX0,62)
fnf(DEP)
od
end
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4
zinge DEP iz a 136-axpression and the use of W(viP) will not
introduce a currency problem {see heleow). We also applied improvement
{g} menticned in section &.5 for clause (&%),

F(DEP) iz written out in section 6.1, We recall that
1(3,%0) = X0 := false

rurtheymore,
VKo, 52) = VX0, [ = 23dyn) 2
begin n: Zj U (i, 83y U (X0,v3) end
First, we elaborate V' (N,B31:

vim,e3y = Vron, {e4.8AL)) (©)

begin Xi: F(EMPL)3 V' (X1,84)3 n 3= X1.5AL end
since (B4.5AL) is not simple; of. sectien 6.5.
veexd, g4 = U XL, (YMANAGEROF @ d)) -
ADEp(d); fte(MANAGEROF )5 read(EMPLX)
and

Apgp(d) = FAC(DEPJONR: d.DAR)

by the first alternative for (RFL). The seeond alternative for (RFL)

dogs not apply here but, fortunately, the third one does (since the

variable DEP ¥ still “"points to" the current value of the variable d.
Mext, we eluborate UV (X0,v3):

U 60,43) = U (X0, 3ee(YDEPOF inv d): 53y =

begin e: F(EMPL)%
1¢3,X05 ADEp<d>; ££1(BEPOF);
while (in(EMPL) and not X0)
do read (EMPLje)y
Ve X0,63)3
fnl(DEPOF)
od
end

by the (8')-variant of the translaticn scheme for FNY mentiened in
this section, improvement (&) mentioned in section 6.5, and the fact

that ' (X0,83) will not introduce a currency problem.
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Finally, by sase (Cl1) for ¢lause (5) and the definitions of 5,

and W,
Vi (X0,83 = VXD, ((e.SAL) » n)
B 5,0, %0,W(@lSAL)) i)
= X0 i= {e.5AL » n)

The resulting program is as follows:

20 4E'DEP: [n « ((“MANAGEROF @ d).SAL))
Zee(YDEPOF inv d): ((e.SAL) » m)D) =
begin X0: B;
begin d: F(DEP)}
X0 :w false; FFF(DEP):
while (in{DEP) and not Xb)
do read (DEP3d);
begin n: 2}
begin X1: F(EMPL)}
- fdc{REP;DNR; d.DNR)§
fte(MANAGEROF) 5
read (EMPL3X1)s
n = X1.5AL
end;
begin ex F(EMPL)g
X0 := falses
Fdc(DEPONR: d.DNR);
fFI{PEPOF) 3
while (in(EMPL) and not X0)
do read (EMPLze);
X0 = (e.,80L = n);

fnl {DEPOF)
od
end
end;
fnf(DEP)
od
end;
return{X0)
end.
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7.  THE STRUCTURE OF OQUERIES IN ENGLISH

7.0, Intreduction and summary

In this chapter we present a set of general oroduction rules
reflecting the structure of certain fragments of English that are
useful for formulating requests. Translations te our condeptial
languages will be given in chapter 8. These tranglations are inderen-
dent of any particular application. Pey considered application, the
set of general rules must be extended with preduction rules that
introduce the words and phrases that are characteristic for that
spplication, The appendix ¢ontains an example of such an extension
(for a hogpital database).

In section 7.1 the general rule forms are presented and in
soction 7.2 some comments on these rule forms are glven, Of course,
these rule forms only account for some of the syntactic structures
that are possible in English. Therefore, in practice, the general
framework presented in section 7.1 might have to be extended with
other general rule forms.

In section 7.3 attentien is paid to an intermediate sort of
rules, namsly, general svntactic rules that have anplication-dopendent

{or, rather, representation-dependent) translations.

7.1. The gengral syntax

The grammar pregentod in this section will contain rubs forms
(i.e., production rules containing "parsmeters"), just like the
grammars presented at the and of sectlon 4.2 and in section 5.1, Wo
use two =orts of parameterg, which are shortly explained below.

As in the case of the languages in chapter 4 and chapter 5, our
fragments ave typed (or attributed or affiwmed). Typing can be used to
exclude meaningless (or unwanted) combipations, such as female depart-
ments or the planning department works for employee 12. In our
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grammar, the parameters T, T', ¢, and ¢' will vary over the set of
typas ralevant to the (database) application concexned, just as in
chapter 4.

The parsmeters R and p' indicate the foature of mumber (of noun
phrases and verb phrasea for instance). They will vaxy cver the
{application-independent) set {si,pl}, where si stands fox singular
and pl for plural. The feature of person can be ignored because we
only use the third person (which iz sufficient in infermation retriev-
al}. The feature of gendér will also be ignored; unlike mumber, the
feature of gender would hardly have any digambiguating effect in our
fragments.

In this c¢hapter, no rules are given for nonterminals of the form
<BN;u:o>, <DJ:oF, <PJ;o>, <ETiy;o;o’;Tr, <AV;o>, <PU;o;0'>, <AR;0;0'>,
<PE; 0>, or <CE;0*. Production rules for these nontermlnals sheould be
added per application. (We note that application-dependent nroduction
rules for the other neonterminals might have to be added as well.)
Examples of such produstion rules can be found in the apnendix..

The start symbol of the grammar presented below is <R0» (for

request) . Further explanation will follow in section 7.2,

For sach nonterminal used in the general syntax, the soourrence
table on page 84 indicates in which rule forms that nonterminal occurs
on the left hand side and in whish rule forms it oecurs on the right
hand side.
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28
29
20

31
32
33
34
a5
36
37

g2

<R
<HT>
<NP;upo>
<NP;gi;ax

<CN; ;0

“SNru; o>

CRC; ;0%

“CCiH; 0¥

RS R TR

VP Uja>

«CT;upa=

IV uiu»

2TV ;0%

2IVipliax

CEIspuote:

<AL; o=
<AD*
<EX:0®
<EXrso|o)»

<CF;o;a'=

“FE;Oo; 0"

c:= Bive =EX;Tr e
|1s it true that <sT= ¥
3= NP U T=<VE; U; T

1= DT URECN; U O

<PNrg=»
c:= =ENpupO
‘{SN;H;U7CRC;U:0>
= (BN W:0F
| <Dt s ae<8N; ;o
L<SN;p;a><PJ;G>
i= 28C;
| <cqipron
1= B MrOFCARLEC ny O™
!<SC;u;u>,<CC;u;G5
= <RP=aVE; ;o2
|whose <FN;g;T=<VBisijc>
= IVruioR

[«CI;uzan

CIVi | Ox<ARP<IViL; 0>
‘dIv;u;n>’<CI;u;U>
t1m SEI;u;aiTr[<AL;ta][=ADs]

cET;p;o;t! T=sNPiu 57 =[<AL; T2 1[ AD=]

| «c;ux<DIioz
= cc;ﬁiaqu;oh
1= 20plweCNiplior
1= SET;piadiaio’=ERFruz
i= <AV a3
eAv;ow<AL; o
11m 2Mprpl> times
|2co> once

;i= €8E; o

| ecwitio><0g; 1>
s S0P T ureDDUrACH T
1= <FEjaiote

|<FL;a;c'>

CCP; ;o' »<FE; 0;T>
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39
40
41
a2
43
&4
43
46

47
48
49

50
51
52
53
54
55
56

57
3%
59
&0
&l
62
63
a4
(=3
&6
67
&8
69
70
71

<FL; op| 177 > r1= <FN;o;TR<A><FN;o;t' ><PPR>

| <Fiv; 07 to g <PLior !>

tFN;O;T' > 1= <FPUrUsQ -
[<AR;:J;U'>
“QF;o> 11= “SE;o»
| <pE; o
“ZE;a® 1:= WCE;o>

|the <«cD;t';ar<er;tit's of al1 <cNppl;r»

<SE;int> ::= the number of <cn;pi;r-
<PN; oF S8 A8 0

| 4FE;T;0><PN; ©>

“QN; o= t1= “IA¥<CN;si;ox
=DT; p» 1i= =BD;p>
| <rD; U
“BD;u> 11= tNDpu=»
| ccD;ux
<BD; giv 1i= <IA®
<ND; pw 1= Z0O»€CA; P>
| <Ca;u>
“CA;si® ;1= ONE 72 <RD;zir ::= every|each
“CA;pl> 1= Tero 73 “RR;pl> ::= al]
| fweo 74 <FA> 1i= alan
| thrae 75 <DD;si> :: every|each
<co ::= at least 76  <DD;pl> ::= all|the
[at most 77 <A@ sre and|  and
|exactly 78 <tisir ri= S
Imore than 79 «Ciplr = dre
[less than 80  «<pPRr ::= of|fer|in
<GD;int:int>  ::= total Bl  <RP> ::= whe|that
Iminimal 82 «rr;siv ::= himself
|maximal 83 {hersel f
<GD;int;rat>  ::= AVerage a4 |itsel f
=Ob;p> 1i= Some 85  <RF;pl¥ ::= themselves
|no
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A nenterminal cocurg on hha

occurs on the

of the form left hond aide in right hand shdw in
Sh 77 13,19,35
“hD> 29,30 1,32
<ALygr 27,28 21,22,28
<AR; T; a7 41

<AV @ 27,28

<BI; v 52,53,54 50

R-UHH ]

LI TTES 78,79 23,2488
Chju> 57,560,59,60 55,56

<00 prar 13,14 12,14
<CB;o 44
sCFiufats 34,35, %% 32,343,386
ACLipsa 19,29 18,20

AN uar 6.7 4,25,13,45,46,49
Ll B 61,62,63,64,65 30,40
U 75,76 33

ADTIe a,23

<DT) u= 50,51 4
<EL;u;o:a’> 26 21
<ET;b;03;3";0"= 23,38
wERFT 31,32,32 1

APt 37 34,36,48
fFLivio' 38,30 35,39
SPNitu 40,41 14,37,30,28,38.45
“AFjuigts 4au
“GD;o;n' G ,67,68,69 43

£IRs 74 29,54

LIV YN 71,%3,32,74,125 17,19,19,20
ENDypn 55,54 29,42

CHR; 0 4.5 ,22

o0 70,71 53

RGO 43

PJiaT 10

P 47,48 5,48

<PPR* &0 37,38

<N 0 49 24

Q8T 42,42 32,47
“RC7U; 0% 11,12 7

L3t EIVEY L T2, 71 51

<RE:u> B3,03,84,85 28

<RP> a1 15

<R{> 1,2

£50; 13 14,16 11,13,13,14
L31-41-E 44, 45,46 31,42

LX) PITPT-E 9,%,10 6,7,2,10
8T 3 z

R TH-E 17,18 2.15,16
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7.2. Commentary on the syntax

In this section, some explanation and some related (linguistic)

texrminelogy is gliven.

ad {(1),(2)}: A request iz either an exprassion of arbitrary type
preceded by the imperative Give and followed bv a perisd, or
a sentence preceded by the text I§ 1t true that and followed
by a questicn maxk.
_ We give two examples of reﬁuests (concerning our

emplovess-and—departnents database) :

Give name and rumber of each depariment,
Is it true that no employee works for department 12 ?

The second alternative for <RQ* i= our standard form for
yes/no questions and the first onre is cur counterpart to so-
called wh-guestions (i.e., gquestions starting with uheh,
Where, Which, Whe, Why, etc.). Our standard form for ves/no
guestions aveids the well-known confusion concerning short
yes/no answers to negative guestions. (Barbara Partee: "Didn't
yvou make your homework yet?" Her son: "VYez ") Ouxy alternative
for wh-guestions aveids certain scope ambiguities which may
arisé in the case of genuine wh—gquestions. (For a2 discussion
of this problem, we refer the reader to, e.g., [Se 83], Ch,1I,

section 6.)

ad (3): A senténcee is 4 noun phrase followad by a verb phrase of the

same pumber and tvpe.

ad {(4),(3)}+ B nown phyaee is either a commen noun phrase of the same
number and type preceded by a determiner of the same number,
or a proper noun (phrase) of the game type. In the latter
case, the noun phrase is singular, ‘
Examples of noun phrases are every employee, exactly
three departments and the planning department. The latter is a

proper noun phrase.

ad {(8),(7}: A commom noun phrase is a simple noun shrase nossibly
followed by a restrictive relative ¢lause, all of the same

numbgy and type.
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ad {(8),(9), (10) }:+ A zimple noun phrase is a basic noun of the same
number and type preceded by zere or more adherent adjectival
phrases of the same type, and followed by zZerc or more
appositive adjecrtival phrases, also of the same typeé. The
production rules for basic neuns a8 well as for adherent and
appositive adjectival phrases should be added pgr application.
Varigus examples of such production rules are given in the
appendix.

We note that the present rule forms give rise to syntastie
ambiguities. For instance, fémale employee from Amsterdam con
ke analyzed az ((female employee) from Amsterdam) buc also as
(female (employse from Amsterdam)). » disambiguating alterna-

tive for these three rule forms woulé be

“5Nrp;a® 1= =VEN;u;a»
|<BN;u;o»<PT; o>

AYSNiU; T % SBNju; o
|<DJ;U><V5N;u;Gb

ad {(11),(12),{13),(14), (77} ): R restrictive relative clause is either
2 gimple clause or a compound clauwse. A aommound olause con-
sista of two or more siwple clauses; the last two of these
simple ¢lauses &re Separated by and or ,and and the others by
& comma. All clauses have the same number and type. {Striotly
speaking, too many combinations are allowad: amd should be
used iff there are fwe simple clawses, and ,and sheuld be
used iff there are three or mere simple clauses. We did not
exclude the gther combinations, howaver.)}

An example of a (singular) xestrictive relative clausze

zontaining two simple clauzes 1=

who eamns at least 3650 guilders and whese department has
wore than 100 employees

ad {(15), (16),(B1)}: In the present fragment, & etmple olause can be a
verb phrase of the sanme numbar and type preceded by an
appropriate relative pronoun - this is the only place where
(81) igs used - but it can also ke a singular verb phrase

prededed by the relative pronoun whose and a functional noun
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whose go=called gperand tvpe (denoted b§ o in rule form (16))
ig equal to the type of the simple clause and whose peguli
type {71 in rule form (16)) iz egual to the type of the wverb
phrase. Each of the twe alternatives is used in the censtruc—
tien of the yestrictive relative clause menticnad above.

it 1s likely that general rule forms for other cases of

simple clauses are also needed in practice.

ad {{17),(18),(19),¢20),(77) }: Here a similar conatruction as in
{(11),(12),(13),(14) } ig used: "RC" is replaced by "ve", "sC"
by "Iv", and "CC" by "CI". We reacall that "WPY stands for
verb phrase; furthermore, "IV" stands for intransitive verb
phrase and "CI" for gompound intransitive verb phrase. It is
left to the reader to give verbal descriptions of these rule

forms.

ad {(21),{22),(23),(24),{25)}: In the present fragment we have five
general rule foxms for imtrameitive verb phrases, three for
arbitrary number, one for singular number only, and one for

plural number ealy.

ad {(21),(22)}: we used square brackets to indicate that the part
within the bracketsz is optienal. Thus, together, (21) and (22)
stand for & xule forms. We could use this shorthand in other
places too (for instance, in (68) 4 (7)). In chapter 8, however,
each rule form has to be tranglated separatelv.

An intrangitive verb phrase (i.v.m.} can be an existential
intrensitive verb phrase of the same number but it can also be
an egxistential trangitive verb phrase of the same number
followed by a noun phrase of arbitrary number; in each case,
an adverbial list may follew and, independently, an adverbial
of degree may coite at the end.

The type of the i.v.p. iz equal to the subjeot type of
the existential (in)transitive verb phrase (¢ in these rule
forms) , and the typs of the adverbial list is egual to the
wnderlying type of the existential (in)transitive verb phrase
(r in both rule forms). In (22}, the type of the noun phrase
is equal to the object fype of the existential transitive verb

phrase.
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ad {(23)

Loosely speaking, an extstential (in)transitive verh
phrase is an (in)transitive verb phrase for which an adverbial
of degree - see (29) and (30) - mekes sense. Purther sxoclana-
tion of this "semantics-gererated" notion will follow in
chapter 8. (Thi=z explanation will be in terms of connector
indices and table indices.)

Production xules for existential transzitive verk phrases
should be added per application. Some examples can he found in

the appendix.

,(24),(25),(78),(79) }: These three rule forms for intrangitive
verh phrases are simple but useful. They say that an intransi-
tive verhb phrase can be an adherent adjectival phrase of the
same type, & quasi-proper noun phrase of the same type, or &
plural gommon hnoun phrase of the same type, in each Gasc
preceded by the appropriate copula.

Other production rules for intransitive verb phrases

might be added per application.

L (B2), {83y, (84),(85) }: Strictly spesking, production rules for
exiztential intransitive verb phrasces should also be added
application., Nevertheless, in order to illustrate the Lrans-
lalion of reflexive prongunz (in chapter 8), the following
special (but application-indewendent) rule form for existential
i.v.p.'s is inserted: An existential intransitive verk phrase
can be a reflexpive exigtential transitive verb phrase (that ig,
an e.t.v.p. whose object type is equal to its subjfect tywe)
followed by a reflexive prongun. (In other words, here the

reflexive e.t.v.p. is also used reflexively.)

ad 1(27),(28) }: an adverbial 115t consists of one or wore adverbial

ad {297,

ad {{21)
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phrazses, all of the same type. Production rulez for adverbial

phrases should be added per applicalion.

(30 11 An edverbial of degree is either a (plural) Aumeral
deterininer followsd by the word times or a comparative followed

by the word once. In (£1)-(65), scme comparatlves are listed.

,32),(33) ,(75) ,{(76)): An empression can he a simnle expressien
of the same tvpe or a guasi-simnle axpression nreceded by a

cempesite functional expression whose oparand typs is aqual to



the typa of the guasi-simple ExprEESiDﬂ‘aﬂd whose result tvpe
is agual to the type of the expression.

For "set-valued" expressions there iz another possibility
as well, namely the possibility that they consizt of a common
noun phrase preceded by a definite determiner of the same
number and a'Epmposite functional expression whose operand
type is equal to the type of the common noun phrase and whose
regult type is equal to the "base type" of the (set) type of
the expregsion.

An example using rule form (33} is the reguest

Give name, number, and department number of the manager of
each department. :

concerning our ubiquitous emplovees-and—departments database.
By (75), 8ach is the definite determiner. This typical
example of a database request also accounts for the next few

rule forms.

ad {(34),(35),(36)}: A composite functional eapression ls a functional
expression or a functionazl noun list, follewed by ®erc or more
functional expressions; the operand type of the composite
functional expression is equal to the onerand type of the last
“"fungtional" in the geriesg and itg result type iz egual to the
result type of the first "Functienal" in the series. Further-
more, within this series of "functionals", the result type of
ecach functional espression with a predecessor - see T in (36) -
must be squal to the operand type of the preceding "functicnal®.

The gample request mentioned above containg one functicnal

noun list, namely name, number, and depariment number of, and
one functienal expression, namely the manager of.

ad {(37),(80)}: A functiongl expresgion iz a functional noun with the
same operand type and with the same xesult type, nreceded by

the definite article and followed by & possessive preposition.

ad {(38), (39 }: 2 funetional noun 113t cvonsists of two or more
functienal neuns, the last one followed by a possessive
prepogition, the Last two separated by and or ,and, and the
others separated by a comma. All functicnal nouns have the

same operand type as the functisnal noun list has. The result
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type of the functional noun list is the "pairing type" of the
successive result types of its immediate constituents. The
sample functional noun list above consists of threc functional
nouns.,

We note that a similar construction as in {(13), (14} ]} is

used and that, similarly, teo many combinaticns are allowed.

ad f(3R),(39) }+ Although these rule forms are formulated for arbitrary
result types of the functional newun List on the right hand
side, we vonclude from {(33),(39) ) that we only encounter
functional noun lists of which the result type is a "pairing

type", 1.&., a type of the form ELTIT'J‘

ad {(40), (41) }: Depending on the underlving model, a Furmtionagl noun
acks either as &n argument noun or as a function noun. As a
conseguence, argument nouns and function nouns have to be
invorporated per apmlication.
In our employses-and-departments model, name, number, and
department number are argument nouns and MaNager is a function

noun .

ad {(42), (43y ) A quasi—sgimple expression is cither a simple expression
of the =same type or a pregsuppositional expression of the oame
type.

Typical oxamples of presuppositional exnressions are
construetions such as employee 13 and the linguistics depart-
ment. The characteristic feature of & presupncositional oxpres—
zion iz that it depends on the "actual" DB snapshot whether it
hag a "denotation" or not.

Froduction rules for presuppositional expressions should

be added per application.

ad {(44),(458),(46) }: In the present fragment we have three rule forms
For gimple expressions, two for simple expressions of arbitrary
type and one more for "integex-valued" simple expressions. The

three rule forms are discussed below.

2d {44): A aimple expression can be B constant expression of the same
type. The actuzl choice of constant expressions is delegated

to the application-dependent part of the grammar. (The
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ad (45}

ad (46):

ad {47}

characteristic feature of a congtant expression is that its

"denotation" dees not depend on the "sctual" DB snaoshot, )

A simple expressieon can also be a functional neun preceded by
the definjite article and an aggregate determiner, and
followed by the text of Il and a plural common noun phrase.
The type of the simple expression iz equal to the result type
of the aggregate determiner, the result type of the functional
noun is egual to the rgrige type of the aggregate detexminer,
and the gperand type of the functionasl neun is equal to the
type of the common noun phraze. (The last mantioned type
could be called the domadin type of the censtruction on hand,
in line with the terminology cencerning determiners that was
introduced after D4.1 in section 4.1.) In (68)-(89), some
aggregate determiners are listed.

An example of & simple exprescion of this form is
the total salary of all employees, cf. production rule (64).

We can obtain an "integer-valued" simple exoression alse by
placing the text the number of before any plural commeon noun

phrase.

(48} }: A proper nown phrass is a guasi-simple exvreszion

precaded by zerno of mors ;pnctional Egpressions.

ad {(49), (741 }: A quagi-proper noun phrase is a singular commen noun

phrase of the same type preceded by an indefinite article.
We note that it is not dictated by the grammar that the
common noun phrase is preceded by the right indefinite

article.

ad {(50),(51),(52),(53),(54)}: For three reasons we had to distinguish

various subsets of the set of all determiners that are
allowed te& be uged in rule form (4), One reason for this
differentiation comes frem producticon xule (29), another one
from rule form (49). Furthermore, we have to distinguish
those determiners § that can be weed in popular (application—

dependent) appositive adjectival phrases such as
with ¢ employes (s

of type DEP in our employees-and-departments anplication
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(see, e.g9., figure 1.3). Such a determiner § will be <called
an absolute determiner. (The othexr determiners are called
relative determiners.) Each numeral determiner and each
indefinite artiele iz an example of an absolute determiner,
which is reflected in (5Z) and (54}. Examples of determiners

can he found in {(70)=-{74).

ad {(%5), (56} }: A rumeral determiner is a cardinal of the same number,
possibly preceded by a gomparative.
Some examples of cavdinals are given in (57), (58), (39),
and (60) but it i=s, of courss, inevitable to add, say, the
grammar presented in example 3.1, together with the rule form

<CA;u» ::= <int.* or ACA;u» :1:= <pos.int._».

ad (57) and following: These are lexicsl rules, i.e., rules without a
nonterminal on the right hand side. There are 34 production
rules and 2 rule forms, namely (70) and {71). Each of these

rule forms has 2 instances.

7.3. Intemediate forms

In section 7.1 we gave examples of application-independent rule
forms of which the translatich will alsc be application-independent
(see chapter B). Tn the appendix, we will give oxXamples of application-
dependent production rules of which the translatien will of course
also be applicatien-dependent. However, there are alsoe many application-
independent production rules of which the translation iz in fact
application-dependent or, rather, representgtion-depcndent, such as
the rules for adjectival and adverbial phrases of time. For instance,
in seme spplications March 16, 1984 should be translated to 840316, in
others to 19840316, etc. Moreover, several "semi-general"” phrases are
irrelevant to certain applicatiens., For instance, phrases dealing with
hours and minutes (such as 163100 PeM.) are irrelevant to information
syslems that do not keep track of such data, For the above-menticoned
reasons, these "semi-general" phrages were not included in the
general syntax presented in section 7.1. As an example, we zhall

present. 2 cluster of production rules for such phrases. We chose for
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the "JV-phrases" of time, i.e., phrases that caﬁ be used both as
adjectival and as advexbial phrases of time.

In the rules below, "PT" stand for preposition of time and date
iz a type. As a consequence, the rule form (44) in section 7.1 provides
for the produstion rule <SE;§§£§} 1= <CE;§EEE} which iz needed te
bridge the gap between the yules SG01, S5G02, 5602 and the rules 5G07,
5G08. The 10 production rulesg for <digit> are not speeified. (We note
that a "day" such as 32 iz not zuled out by this grammar.)

For a <oncrete application of "JV-phraszes" we refer the reader to

the appendix.

SG0L <Jv;date* ::i= <PT»<3E;date

5607 |between <sE;date> and <sE;dates

$C03 lin the period <sg;gate> o <sE;gater

5G04 lin the period <months=days to <day>,<year>
5G05 1N <month><yeax>

SG06 [in <year>

8G07 <CE;date» ri= <month><day>’<year>

5608 |<D2><b2n2p2>
8603 <year> 1i1= «DZ><D2>
EG10  «day» ri= <D

5511 [sdigit>

5Gl2  «<nz» t:= «digitr<digit>
8Gl3  <PT> 1i= 0N

sG14 | before

5Gl5 lafter

SGié <month>  ::= January

8G17 |Fabruary
8G18 'March

5G19 |April

5620 |May

8621 | dune

5622 [duly

5623 |August

se24 | September-
SG25 | O tober

5626 | Novenber
5627 | December
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8.  TRANSLATING FRAGMENTS OF ENGLISH INTO CONCEPTUAL LANGUAGES

8.0, Introduction and summary

In this chapter, we gilve translation rules for the grammar xules
presented in chapter 7. In each particular application, the target
language will he some conceptual language of chapter 4.

In particular, we want to assign a glosed query (see D4.7) to
ecach disambiguated reguest, i.e,, to each derivation tree with root
label <RO>. Thus, we want to wap darivation trees to "strinos". For a
suitable parsing algeorithm, i.e., an algerithm that constructs the
derivation tree(s) for a given "input string", we refer the reader to
[Ea 701,

The result of a translation of a derivation tree has te satisfy
gertain minimal conditions whieh (only} depend on the root label of
Lhat derivaticn tree. These conditions are presented in section 8.1.
It can be proved that the translation rules given in section 8.2
satiszly and preserve these gonditiens. Purthermore, per application,
these conditions can serve as & guideline for defining the tranglation

of the application-dependent phrases.

£.1. on the form of the translaticn

Let G be a guasi-¢fg containing the nonterminalg presented in
chapter 7 and describing gome fragment of English. A translation
function M from the set of derivation trees of ( inte the conceptual
language based on a CL-basis B has to satisafy at least the following

conditions:
If o is a derivation trec hased on G (se¢ D3.5) and the root label of
nois:

- <ROx then Mla) « Cqu, i.e., the translation of o is a ¢losed

query (see D4.7);



- <8T> then M{e) < CleB(f), i.&., the translation of o is a closed

exprezssion of type t.

If the reot label of o ig of the form:

- <EX;0* or <5E;o* then M(a) e cleB(c);

- <FU;oic'Y then H(a) ¢ cle, (feloge §:
- <AR;o:;o'> then M(a) ¢ Axgp(7,0');
- <CE;o® then M(a) ¢ ConB(c).

In oxder to formulate further conditicns, we introduce some

auxiliary definitions:

=

(=¢8>}

I

{{397) | ® ¢ %o and n « ConB(iﬁt)L

We requixe of B that Ro ¢ Bincpﬁ(iﬂt,int,t) and Bro_ < DetB(T,t,t)

B
for each 1 ¢ TypB.

Further conditions on the translatieon of a derivation tree g are:
If the root label of o is of the form-

- «@GD;o;0'* then M(a) ¢ DetB(r,q,o');

- <0D;u> then M(a) ¢ Det (r,&.1);
- <Ca;us then Hla) ¢ Congtink);

- 20O then M(z) £ Ro;

- <ND;u® then Mia) e Drog;

- <AD> then M(z) e Drog:

- <BD;u>» then M(a) ¢ DetB(T,i,t);
- <DT;yx> than M(a) « DetB(T,t,t).

Bome derivation trees must be translated in combinaticn with a
placehelder (of the appropriate type). Here we have a similar situation
as in chapter &, where a well-foxmed expression of the cenceptual
language, i.e., the "gouree" language, had to be translated in combina—
ticn with a variable of the programming language, i.e., the "target!
languags .

If the yoot label of o is of the form

“CFi;0;a'>, <FE;0;d'>, <FL;0;0'>, or <FM;g;0's
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then o wust be translated in combination with a placeholder of type o:
If x ¢ Flhg () then we require that M{x,a) & Wep(o') and
FP (M(x,0}) = {x}, i.e., M{x,0) is a well-formed expression of type o'

in which only the placeholder ¥ might be free.
If the root label of ¢ is of the form

ZALjgr, SAV;a%, <CC;uior, <CIpu;an, <D¥:gx, «<IV;p:iow, <PJ;ux, QN:;gv,

RGO, tHC;u;or, or «VEruiowr and ¥ ¢ PlhB(G)

then M(x,0) & WeB(t) and Fr_ (M(x,0)) < {x}.

If the root label of @ is of the form
“BNpu;o~, <CN;u;o¥, or <3N;u;g»

then MG, o) « WEB(t) and FPBCM(x,m)) c {x}. More specifically, M(x )
should bé a terminal string of the auxiliary nonterminal «RE;x»
having the following production rules {(in combination with the grampar

presented after D4.5 in section 4.2):
<RE;xx ::= (x & <£;%0]0]>) (PR1)
[(<BE;x> A <E;t>) (BR2)

The set of all terminal strings of the nonterminal <RE:;x> will be

denoted by Restrp(x}. Thus, Restrp(x) is a subset of Wey, (£) and the

B
fore-mentioned reguirement of M(x,q) is that Mix,a) © RQECTB(K)- in
other wordsz, Mix,a) is a coniunction of well-formed expressicns of
type £ such that the first conjunct is of the form {x € v), for some

v ¢ WGB(WI.GJ) .

If the root label of the derivation tree g is of the form <EI;u;@;0">
then ¢ must be translated in combination with a placeholder x in
Plhn(c) and a placeholdexy x' in PlhB(c'). we stipulate that

Mix, x',0) « Restrp (x') and that FPB(M(x,x',m)) e {ax,x').

If the root label of a is of the form <ET;u:0:;0':e"> then o must be
translated in combination with three placeholders, one from Plh,{d},

one from PlhB(q'),and wne from PlhE(d“); for x ¢ PlhB(c), n' o PlhB(c'),
and x" « PlhB(G") we stipulate that M{x,x',z",a) ¢ RestrB(x") and

that PPB(M(x,x‘,x",a)) o {x,x',x"1.
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We note that each § ¢ Restr,(x), for any placeholdsr x, is not
axactly of the form that is zéguired between the determiner and the
colon in the c¢lauses {8) and (8'}) .of chapter 4: If ¢ is built up by
means of (PRL) only, then the suter parentheses should be cmitted, If
Y is built up by means of (PR2) then it is a ¢onjunction of which the
conjuncts are associated to the laft while it would have been hetter
if they ware azgociated to the right. Furthermore, the outer paren-
theses and the parentheses of the first conjunct, which i= of the form
{% € v}, should be cmitted. we will ignore this (harmless) difference

frxom now an.

If the root label of o is of the form <NP;p;o», <PE;g>, =PN;o»,
ar <R5;o* then o must be translated in combination with a placeholder

x g PlhB(U).

If the root label of & is of the form <NP;u;o> then we stipulate
that M(x,a) fellowed by any well—forméd expression of type t together
constitute a well-formed expression of type t again. More orecisely:
VeeWeB(t): Mx,0) & & ¢ WeB(t), where M{x,0) & e denctes the concatena-
tien of the seguences (qf "characters") M{x,n) and e (cf. chapter 0).

Moreover, we stipulate that FPE(M(x,u) & e) g Frole) ~ fx}.

Similarly, i1f the root label of ¢ is of the form <PE;or, =pN;g-,
or <QF;07 then we stipulate that Mix,u) followed by any well-formed
expression of any type 1 together constitute a well-fommed expression
of type T again. More precisely: YieTypy: VEEWEB(T): Mix,6) &8 e ¢ Wep (1}.
Furthermere, we stipulate that FPB(M(x,a) & &) c FPB(e) - {=}.

If the root label of & is of the form <A, <C;y=, <DD;u», «IA>,
<PPR», <RDju¥, «“RF;U*», or <RP>» then no translation rule ilg needsd for
@. Thiz can be concluded from the translaticn rules given for those
rule formz that contain one of these nenterminals on their right hand
side: In each of these translation rules, the (sub)tree in question
disappears on the right hand side. For thig reason, no translation

rules will be given for the production rules (72)-(§5) of chapter 7.

In summary, we regulre that if x ¢ PlhE(d), x' o« PlhB(U'),
x" ¢ Plh, (6"), and o is & derivation tree with a reot label of the

form:
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- <AD= then Mia) « Drog;

- <AR;o;g's then M{m) ¢ Arg,{g,0');

- BD;pe then Ma) « DetB(T,t,t);
- <CA;ur then M(a} ¢ Cony (int);

- <CE;o then M(x) ¢ Cong(a);

- =GO then M{a} ¢ Ro;

- DT p then M{n) ¢ DetE(T,t,t);
- <EX; U then Mo} « Cleﬂ(d)?

- 4FU;0;6'»  then M{a) ¢ Cle (fefoja']);
- «GD;wie'>  then M{a) ¢ DetB(r,c,c');
- ZND;u» then M(a) « Drog

- =0D;u* then Mi{a) « DetB(T,t,t)r
-  =RQ» then Ma) « Cqu;

w  2SE;u® then M(a) ¢ Cleg (a};

- <sIs then M(a) ¢ Cle (b

- <CF;0;0'>, <FE;5;0'», <FL;0;0'>, or <FN;u;0'>

then Mix,a) ¢ WEB(U‘) and FPE(M(x,a)) e {x};

— <ALjur, <AV;u>, <CC;u;o», <CI;u;ax, =DJ;o¥, <IV;u;0%, £RPJ;0%,
“ON;o*, <RC;p;or, 25C:U;0r, or “VE;u;0*

then M(x,a) < WeB(t) and FPB(M(x,u}) < {x};

- <BN;p;o0r, <CN;u;u», or =8N;u;J~

B(M(x,u)) = {x};

then Mix,u) ¢ Restrﬁ(x) and FE
- SBEI;u;0;dte

then M(x,x',a) ¢ Restr_(x') and FPB(M(x,x',u)) c {x,x'};

B
- <ET;wjoro’;ofe

then Mx,=',x",@) € Regtr (x"} and FPB(M(x,x',x",m}) < {x,x",x"};

- NP U U

then M{x,s) & 4 ¢ WeB(t) and FPB(M(x.a) & &)

cach 4 ¢ weB(t);

HI

FRp ) - {x} for

-  tPBE;g®, <PN;o», or =QS5;gw
then M(x,o) & ¢ ¢ Wep(T) and Fry(Mix,a) & @) ¢ PP (A) - {x] for
gach T £ TypB and each d ¢ WGB(T).
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8.2. Tranglating the general rules

In the translationh rules given below, x will be an arbitrary
placeholder in PlhB(U) and x' an arbitrary placeholdar in plhB(a').

A placeholder y of type t appeaxs on the right hand side of the
translation rules for the rule forms (3}, (16), (21), (22), (32,
(33), (36), (45), (46), and (48): and for (22), anocther placeholder y'
of type ' is needed as well, In each application of one of these rule
forms within the (recursive) txanslation of one and the same reguest,
we must use "fresh" placeheolders, i.e., placeholders that are not
already introduced elsewhere within the translation of the reguest
concernad,

We recall from chapter 7 that both (21) and (22) stand for 4 rule
forms. For each of these rule forms, a separate translation will be
given. In these translatien rules, § will always denote the derivation
tree with root label <AD> and v always the derivaticn tree with a root
label of the form <AL;t»."

I'm all translation rules below, o, B, vy, and § dengte derivation
tress. In (3), for instance, o and £ denote derivation trees with a
xoot label of the form <NP;u;T> and <VP;u;1>, respectively. As it
stands, the left hand side does not contain a derivation tree: For the
sake of zimplicity, we wrote M{aB), where we should write
M{(<$T>;<0;8>)), according te L3.2(2) and the notatien for Z-tuples
introduced in chapter 0. & zimilar rem#rk holds for the other trans—
lation zules. Netably, a seemingly circular translation such as in (5)

should be read as M((<Np;gi;or;2ax)) = Mla),
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1 M(Give o) = M(a)?
2 M(Is it true that o » M) ?
3 Mlaf) = My, o) My, B)
4 Mix,af) = M) Mx, 8) 2

s Mix,w = M(x,q)

[ M(st, o) = M{x, )

7 Mix,af) = (M(x,0) A Mz, 8))

g Mix, a) = M{x,a)

g Mix,ef) = (M(x,B) A MG, )

10 Mix,of) = (MGr.or A Mx,8))

11 M{x,a) = Mix, o)

12 Mix,a) = Mix,w

13 Mx,afy) s (Mo, ) A MG,v))

14 Mx,ay8) w {Mix,a) A M(x,8))

15 M{x,oB) = M(x,R)

16 Mix,whose up) = [y # e, ) My, B)

17 Mix, ) = MG, )

18 Misx, o) = M{x,a)

19 M{x,ap¥y} = Mo, a) A M)

20 Mix,u,8) = (Ht,0) A Mix,8))

21 M{x,ayd) = M{SY Mz, y,ar i My,v)
Mix, oy} = 3 Mix,v,a)t Mly.y)
M(x,ad) = MISIM{x,v.0)3 T
Mix,u) = 3 M{x,yv,a)? T

22 M(x,uBy8) = My, BYM(EIM(x,y v, a) s My, v
M, afy) = Miy'.8) 3 M,y ,v,a)d My, v)
M, afd) = Mly' BIM(B) MG,y vy 00 8 T
M, wf) = Miy',8) 3 Mx,v',v, 03T

23 Mix,af) = M(x,8)

24 Mix,aB) = M(x,8)

25 Mtx,eB) = M(x,8)

26 Mix,%',.aR) = Mix,x,x*,a)

27 Mix,a) = M{x,a)

28 Mix,af) = (Mtx,a) A Mix, 2))

29 M(a times) = M{a)

30 Mla once) - {3 M)l)

31 M) = M)

32 M(aB) = My, 8)Miy, )

13 Mlagy) =% Moy, )4 My,
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34
35
36
37
38
239
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
50

57
38
59
&0
61
62
63
64
B3
66
87
&8
69
70
71

Mz, o
Mz, o)

M, ap)
Mix, the op)
M, aBy8)
Mix, 0y6)
M(x, o)
M(x,a)
Mix, o)
Mix, )

M{a)

Mithe og of all v
Mithe nwmber of «)
Mix, =)

Mix, ag)
M, af)
M)

Mz

M{a)

M{a)

M)

M{xg)

Mia)

M(one)
M(zerd)

M (two)
M(three)
Miat Teast)
Mt most)
Miexactly)
M@moere than)
Mdess than)
Mitatal)
Mminimal)
Mimaxcimal;
M{gverage)
M (Some)
M(no)

L) n ] ] I [}

EHAVHH\I\"QNQH

F 4

MUxc, o)
Mz, o)
[v & M, 2 Wiy, &
Mix, o)

= (Mex,2) 5 Mix, 71}
LMex, g M, 8) )

(Mo @ x)
{xaM(a) )

[x + Mo ]

Mix, o)

Mia)

M{o) Mix,v) 8 My, 8
E My, 1

Mix,a)

Miy. 8 [x 4= Mz, )]
Mix, B)

Miad

\ 4

M)

Mia)

3

{3 HierMia))

(3 =)

L) u
¥
m

-



It can be proved that these translatien rules satisfy and preserve
the conditions summarized at the end of section 8.1. The proof iz by
induction on the structure of the derivatien tree and consists of 77
cases (i.e., 71 plus &, gee (21) and (2Z)). Below, we sketch the proof
of twoe illustrative caseg, namely, {(1a6) and (48). It is left to the

reader to check the other cases.

(16) : According to the conditions for a derivation tree with a root
label of the form <8C;u;C», we have to prove that
Mz, whose ap) ¢ WEB(t) and FPB(M(x,whoSQ aB)) = {x}. We can use
the induction hypotheses for M{x,a) and M{y,B), the subsxpres
sions occurring on the right hand zide of the translation rule.
{we recall from the baginning of this section that y ¢ PlhB(T).)
The root label of o is “FN;¢;1> {(see section 7.1, rule form (1&)),

g0 the IH (induction hypothesis) for Mx,u) is (by section 8.1):
(a) M(x,0) ¢ We  (t) and

(b} FPE(M(x,a)) < Ixl.

The root label of B is <VP;gi;T>, so the IH for Miv,8) is:
() Mly,8) ¢ wep(h) and
(a4} FPB(M(y,B)) c {yl.

From (a), (e}, translation rule (18), and L4.1(7) we con-

clude that Mix,whese of) ¢ we (t). Furthermore,

B

FDB(M(x,whose afl)

FPB([y + M, Miy, 00 | by translation rule (16)

Fr o (Mlx,a)) U [FPB(M(y,B)) - {y}] | by D4.6, clause (7}

e

{x} v [{y} - {y}] by (k) and (Q)
= {x)

(48) + Ascording Lo the condition assosiated with a derivation tree
with a root label of the foxrm <PN;o>, we have to prove for each
T e TypB and each 4 ¢ WeB(T‘) that M{x,0f) & 4 « WEB(T') and
F?B(M(x,uﬁj 4 d) = FP (@) - {x}. We can use the inducticn
hypotheses for M(y,8) and Mly,a), where v ¢ PlhB(T} and the root
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labels of & and B are <FE;rt;¢> and <PN;1», respaectively. The IR
for M(y,a) is:

(a) M{y,o0) ¢ Wey(0)  and

(b} FPB(M(y,a)) c {y}.

The IH for M(y,8) is that for every t' = Typy and eveyy
e € WEB(T'):
(a) M{y,B) &g« Wep(t'} and
(d) F?B(M(y,s) & e) g Fp(e) - {yh
The proof, for any ' « TYPB and any 4 « WQB(T'), now runs

as follows: Since x ¢ PlhB(OJ, it follows from (a) and L4.1(7)
that [x-#-M(y;a)ad € WeB(T')- Hence, by trapslation rule (48)
and the induction hypothesis (c), M(x,0f) & d =

= My, 8 [x = My, 014 « WEE(T'), g.e.d. Furtharmore,

FPB(M(x,uBJ & d)

- £, (Hiy, 8 [x e My, ) by translation

rule (48)
g rrplx = Miy,a)la) - {y} ' by (&)
_ _ - by D4.6,
= (FPy(M(y,a)) v [FP (@) - {x}]) ~ {y} clause (7)

(FRg Miy, @)} - {yh v ([FPB(d) - {x}] - {¥1 {By (%), see below

= [FR (a) - {x}] - {y} using (b)

in

FP(d) - {x}

Above, {+} denotes the right distributive law for set difference
over vnien: (X U ¥) = Z = (X - %) u (Y = &),

We end this section with some remarks on existential transitive

verb phrases.

We recall from chapter 7 that an (in)transitive verb phrase for

which an adverbial of degree (such as Wore than 50 times) makes sence,

is called existemtfal. An example of an existential transitive verb

phrase yelevant to our hospital database (as presented in the appendix)

is the phrase hat treated. an example of its use in connection with an

adverbial of degree is the request

103



Is it true that no specialist has treated some patient more than 50
times?

Intuitively, specialist ¥ hag treated patient x' more than 50 times
means" that there are more than 50 treatments of %' performed by x.
In the hospital database given in the appendix, the table indices and

connector indices relevant to this reghest are the following:
5P B
PT-Sp PT-F
pT
In our hospital database, has treated is a terminal string of the
nonterminal <BEY;8i;8F;P;PT>. 5P is called the subject fype of the
existential transitive verh phrase has treated, r is called its phject

type, and PT is called its undsrlyiﬂg type  (2ee chapter 7). Leoscly

speaking, M{x,x',x", has treated) should express that
x" is a treatment of x' by x

A corvect choice would be

Mix,x',x" has treated) = x» € (YPT=P inv x') a ((*PT-SP@ x") = x)

In general, let <g;h> be & type 2 skeleton, [D,D',M} c dom(g),
and {C,C'} = dom(h) such that h(c) = (M;D) and h{(C') = {(M;0'). In a

figure:

Furthermore, let B be & (L-basig fit for «g:h>, 4 ¢ PlhB(D),
dar ¢ PlhB(D‘), and m « Pth(M). for a derivatlon tree o with root
label <ET;u;D:;D':M>, Mid,d',m,a) is egual to

m € (vc' inv d') A ((vc @n) = 4)

or to an equivalent sexpression in Resth(m), nrovided that € and C'
are the connactor indices that o refers to. Various examples of

existantial transitive verd phrases c¢an be found in the appendix.
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8.3. Some examples

With the production rules

<8N; oi;gp= := specialist
<Bi; 51 ;P> = patient
<ET;51; 88 %P1 ::= his treated
“CA;pl> re= 5O

the request near the end of the previous secticn ¢an be completely
analyzed. In the following translation, specialist is avbreviated by
81, patient by 24, the noun phrase no specialist by o2, has treated by
a3, the noun phrase Some patient by £3, the adverbial of degree more
than 50 time§ by &3, and the comparative more than by od. Furthermore,
the concatenation of n2, B3, and &3 is abbreviated by B2. We also

indicate the translation rales used.

M(Is it true that o2 p2?)

= M(a2 82)7 by 2

= M(§,a2)M(5,82)7 by 3

= M(no)M(s,81)F Mis,82)7 by 4

=P M8, Mes,03 83 &3)7 by 50,53, and 71
= § His, 610 ¢ M(p,B2rM(sI) NS, p,t,0z) s T2 by 17 and 22

= ﬁ M($,810¢ 3 M(p,8d) 3 MS3)M(s,p, b,03) s T2 by 4,50,33, and 70
= d M5B T Mp,sa)s (3> MBOYIM(s,p.t,a3) T7 |by 29,55, and 64

With the translation rules

M(s,specialist) =5 €V

M(p,patient) cpe'p

MiS.p, k. has treated) = t € (YPT=P inv p) A ((£.5NR) = (5.ENR))
MBS0y = 60

the final translation is as follows:

M{Is it true that no specialist has treated some patient more than
80 timeg?) =

3 s€"sP: 3 pe'Pt (3> 503t € (YPT-P inv p) A ((£.SMR) = (S.ENR)): 7

As a zecond example, we translate the reguest

Give name, number, and department mumber of the manager of each
department.
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concerning our employceg—and-departments databage. In chapter 7, this

request was already partly analyzed. With the production rules

<BN; gi;DEP>  ::= department
<FU; DER;EMPL> ::= Mahager
<AR;EMPL;str> ::= Name
<AR;EMPL;int> ::= number

|department numbar

this analysis can ke completed. In the following translation, Mame is
abbreviated by o4, number by of, department nunbar Ly v5, manager by
w3, department Ly v1, =nd the manager oF by B2. Furthermors,

B4 stands for o5, and v5 of

a2 stands for m4,64

al stands for a2 B2, and

w0 stands for ol each v1.

M(Give aos

= Mta0)? by 1
=3 ud,v1s Md,ad? by 23
=4 M, y1r: [« Mid, ey e o by 36

om0 fee (M3 @ d)IMe,22y? | by 37 and 40

where

M, a2

= (Mie,at)y Mg, eD)) by 35 and 39
= ({e.Mat) )y (Mo, a5y Mie,v5))) by 4l and 38

({e.Mcad) )y ((@Ma51)} ((y52))) by 41 and 41

With the translation rules

M(d, department; - d € YpEP
M (manager) = VaNAGEROF
M (mamhe) - NAME

M inumber) - NR

M(department number) = DFT

the final translation is as follows:
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MiGive name, number, and department number of the manager of each
department,) =

$ de"DEP: [e o (“MANAGERCF @ d)I((.NAME); ((e-MR); (e.0PT)))?

8.4. Translating the intermediate forms

We recall that the translation of the preduction rules presented
in section 7.3 depends on the representation of datez that is chosen
in the application concerned. The translation rules below apply when a
date is represented by 6 digits in tha usual wav (where, e,

October 5, 1953 is represented by B531008) .

If & is a derivation tree with root label <IV;date> then « must
be translated in combination with a placehclder ¥ of type int. We then
require that Mee,m) ¢ We () and Fe_(M(x,0)) = {x}.

If the root label of @ is <digit* then M(m) will be the digit
concerned or, formally, M(®) = FA(a), i.e., the frontier of ths tree o
{see chapter 3).

if the root label of & is <meonth>, <D2», <day>, or <year® then
M{a) will be a sequence (or "string") of 2 digits.

If the root label of o is <CE;date> then M(z) will be a string of
6 digits and, hence, an element of Cona(fnt).

If the root label of ¢ is <SE;date> then ws regqUire that
M} ¢ cley(int). ‘

Finally, if the root label of o 'is <PT> then we require that
Mia) ¢ Binop, (Tng,int,t).

We point sut that no "new" {(or "fresh") placeholders are necded

in the translation ronles below.
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s601 Mix,a8)

602 Mx,b. o and &

2603 Mx, d.t.p. & to ®
sc04  Mix, f.t.p. af to v, 8
5605 Mx,in op)

5GO&  M{x,in o

{x MiayM{B))

(M) < x} A (x < M(BY)})

({Mx) 5 x) A (x= M=)

(M My MIB) 8§ %) A (x & MM M)
((x + 100) = M) M)

((= £ 10000) = Mtw)

5607  MluB,v) = Miy) M{a) M(8)
5GOS  M(afy) = M{a) M(R) M(y)
8G0%  M(a#) = M{g)
5610 M{a) = M)
5611 M(a) =0 M)
sG1E Miug) = Mia) M{8)
5513 M{on) ==

9c14 Mbefore =4

sel1s  Miafter) = W

se16  McJanmary) =0

2617 M(February) =02

5618 MMarch) =03

se19  MBpril) - 04

8620 MMay) = 0h

5621 M(June) =

a2z MiJuly) =07

8623 MiPugust) =08

su2e  M(Septembar) =09

2625 M(Dctober) = 10

3c26  M{Nevember) =11

5627 M (December) =12

a5 an illustraticon, we translate the JV-chrase in the period

danuary 4 to 20, 1986 .

By 3G0U4,

Mex,in the period January 4 to 20,1986) 2
((411986) M (January k(4 £ =) A (x § M11986) M (January) M(201))

whers 4(1086) ¥ @6 ¥ u@MeE) - 86

and  MiJanuary) H 3
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ana Miby oMy =04
aa M2 Y weo ¥ ou@no - 20

Thus,
Mix,in the period January 4 to 20,1986) -
(860104 < x) A (x £ BE0120))

As a second example, we translate iN danuary 1985,
Mz, in January 1986)
L ((x + 100) = M(1986) M January) )
= ({x +100) = 8601)
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APPENDIX. A NONTRIVIAL EXAMPLE

One of the main prablems of a real life database is, besides its
mass (i.s., a very harge number of tuples in the actual DB snapshot),
alsc its camplexity {i.e., many table indices, many attributes, and
many relevant DB functions). Gur tiny employees-and-departments
database and the widaly used suppllers-parts-projects example are too
simple te illustrate scme of the more intriguing databage problems.
For that reason we also present a nontriviql example of a database, in
casu a hospital database, Although this example isg still smaller than
many real-life examples, it yet shows some of the consequences of the
complexity of a database. Our example i a variation om the one in

[Re 847, chapter 7.

A.l. A nentrivial type 1 model

We start with the definition of a conceptual skeleton Ghsp and
then give the intuitive meaning of the table indices and attributes of
Ghsp. The definition of a DB universe over Ghsp will follow later on,

The set function Ghsp is defined by

dom (Ghsp) - {p,EMP, KRS, 5F, DET, RM,ADM, REL, ™™, ¥T,M,MP}  and

Ghap (P) = [PNR,NM,AD,CTY,RBDT, BLG, RHF, X}
ghap (EMP) = {ENR,NM,AD,CTY,SAL}

Chsp (NRS) = {NNR,DNR,SVNR}

Ghsp(8p) = {ENR,DNR,LOC,NE,OND}

Ghep (DPFT) = {DNR,DNM,NNR,ENR}

Gghap(RM) = {RNR,DNE,NB]}

Ghsp (ADM) = {PNR, INDTE, SNR, RNR, ARCH, REN}

Ghap(REL) = {ENR, INDTE, RDTE, INVAM}



Ghsp{TM) = {TCD,TNM,TSET,TAR}
Ghap (PT) ~ {PNR,TCD,NT,SNR,ASNR,DTE , LENGTH, ThM}
Ghsp (M) = {MCD,MNM,MSRT,DGCD}

Ghsp{MF) = {PNR,MCD,DTE,SNR,LENGTH,FD,AMT} .

In other words, Ghsp 1s a conceptual skeleton with 12 table
indices and a total mumber of 61 attributes.

The table indices are intended for patients (P), employees (EMP),
departments (DPT}, nursing rooms (BM), admittances {ADM), possible
treatments (TM), spec¢ific applications of a treatment (PT), medicines
(M), and medicin preseriptions (MP). For two subsets of employees
there iz an additional table index, namely for nurses (NRS) and for
specialists (8P). The ADM tables are intended to be cumulative, i.e.,
containing both current and past admittances; for the subset of paat
admittances (or releases) there is an additieonal table index REL, {(The
connection between REL and ADM, and between NRS and 8P on tha gne hand
and EMP on the other hand, is known as gereralization - =zee [§3 771 -

or as differentiation.)

The relevant features for a patient are his (or her) patient
number (PNR), name (NM), addresg (AD), city (CTY), date of birth (BDT),
blood group (BLG), rhesus fastor (RHF), and zex (%),

Employee number (ENR), name (NM), address (aD), ity (CTY), and
salary {8AL) axe relevant for all employaes of our (imaginaxy) hos-
pital. Not all employees belong to a fixed department, but nurses and
specizlists do. That is why Ghep(NR$) and Ghsp(SP) contain an attribute
DNE (for department number; and ghgp (EMP) doesn't. Por spasialists,
there are other relevant features as well, such as the number of beds
available for that specialist (NB), the status of that specialist
(OND) , and the employvee number of his (or her) so-called locum tenens
{LOCY . A feature that iz relevant for nurses only Ls the employee
mumber of his (or hex) supervisor (SVNR}. Note that the faaturss sex
and date of birth are considered relevant only for patients, not for
employees .

The relevant features for a department are its nomber (DNR}, its
name (DNM), and the employee numbers of its head nurse (NNR) and its
head specialist (ENR).



For a nursing room, its room number (RNR), the number of the
department that nursing room belongs to (DNR), and its nunbex of beds
{NB} are relevant.

Reason for admittanse (RSN} anhd date of admittance (INDTE) arc
relevant features for each admittansce. Other relevant features are the
patient number of the subject (PNR}, the room number of the nursing
room concerned (RNR), the amployee number of the speciallist regponsible
for that admittance (8NR}, and an indication whether &r hot that
admittance is finished (ARCH, which gstands for "archive"). Additicnal
features for ralemses are the date of release (RDTE) and the invoice
amount (INVAM) .

The relevant features for a treatment are code (TCD), name (TNM),
zort (TSRT), and tariff (TAR).

Relevant features for an application of @ treatment are treabtment
code (TCD), patient number of the subject (FHR), and serial number of
this treatment to this subject (NT), i.e., the number of times the
subject has undergone the breatment (code) concerned (the actual
applicaticn included). The other relevant features are the employee
numbers of the treating specialist and of the assistent (3NR, respec-
tively ASNR), treatment date (DTE), treatment room (TEM), and length
of treatment (LENGTH), in minutes-

The relevant features f£or a medicine are code (MCD), name (MNM),
sort (MSRT), and danger code (DGCD).

The relevant features for a medicine prescription are number of
the receiving patient (PNR), medicine code (MCD), starting date (DTE),
nunber of days of that prescription (LENGTH), freguency, i.c., times a
day (FD), number of units per time (AMT, for “"amcunt"), and employee

number of the prescribing specialist (SHR).

Nete that the data of each specialist are thus spread over two
tuples, namely over ah 5P tuple and over an EMF tuple. In order to
relate each SF tuple Lo the corxesponding EMP tuplc, Ghsp(8P) contains
the attribute ENR. Similarly, dhsp(NR3) containg the attribute NNR.
Alsc the data of each release will be spread cver two tuples. The
attributes PNR and INDTE in Ghsp (REL) will be used to relate each REL

tuple to the corresponding ADM tuple.
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Further cn, we will define a DB universe over Ghsp that accountsg
for various regquirements {or so-called static integrity constraints).

Some of the simplest regulrements arxe:

Ri: The (legal) minimum for salaries is 1268 {guildars a month).
RZ: &n employee number consists of 3 or 4 digits.

R3: A nurse number consists of 4 digits.

Ré&: A speclalist number conzists of 3 digits.

R5: Some specialists may have no beds available.

R&:; A nursing room may contain at most 15 beds.

R7: B8cme treatments may be free of charge (i.e., the tariff is 0).
R8: Danger codes can vary from 1 up to and ingluding 20.

R%: A medicine can be prescribed for at mest three months per
prescription and the maximum frequency 1s & times a day; however,

there is no resgtriction on the number of units per time.

The yequirements above axe requirements per giiribute, Our DR
universe will also account for the followlng regulrements, which are

requirements betwesn different attributes of the same tuple:
®10: The locum tenens of a spacialist muszt {of couraze) be zomeone else,
R11l: Admittances last at least ohe hight.

Rl2: The treating specializt and the assistent for a treatment are not
the same persshs. Although this might be trivial, it must ndever-
theless be stated explicitly in the definiticon of the DE universe.

Furthermore, we want to have the follewing keys:

{BNR} for P {DNR} and {DNM} for DPT - {PNR,INDTE} for ADM
{ENR} for EMP {TCD} and {TNM} for Tm {PNR;INDTE} for REL
{MNR} for NRS {meol and {MMM} for M {PNR,TCD,NT} f£or pT
{EWR} for SE {PNR,MCD,DTE} for Mp

{RNR} for RM

These requirements are in fact requirements pey tghle, i.e., betwean
different tuples of the same table. Our DB universe will account for

thege 15 reguirements per table as well as for the following:
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R13:

r14:

RI1%:

R1&:

r17;

r18:

The selary of a specialist may not be higher than four times the
average =alary. (wWe note that a specialist has an employes number
consisting of three digits. Tater we alse reqguire that, conversely,
specialists are the only employees with a Jedigit employec number.
Therefore, it is possible to formulale this regquirement as a

raquirement poer EMP table.)

The supgrviacr of a nurse is aisc a nursoe and, moreover, this
supervising nurae werks for (i.e., belongs to) the same depart-—

ment.

The lowum tenens of a speciallist ig also a specialist (though not

nocossarily of the same department).

There is at most ono current admittance per patient.

viffersnt {past) admittances of the same patient do not overlap.
per patient different applicaticns of the same treatment are

numbersd consecutively and chronoleogically, starting with L.

Finally, ouyr DB universe will also zccount for the following

requirements, which are requirements belween different tables of the

same DB snapshot:

Rr1%:

R30:

RZl:

24

R24:
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The "P table" must contain all patient numbers mentioned in the

ADM table, the PT table, or the MP table.

The DPT table must contain all department numbers mentioned in

the NRS table, the 5P table, or the BM takle.

The EF Lable yist contain all specialist numbers mentioncd in the

DET table, the ADM table, the PT table (twice), or the MP table.

The EM tablo must contain all room numbers mentioned in bhe ADM
table,
The TM table musk contain all treatment ceodcs mentioned in the

T table.

The M table must contain all medicine codes mentioned in the MP

table.

The EMP table must wontain all nurse numbers mentioned in the

NRr& table.



R26: The EMP table must contain all gpecializt numbers mentioned in
the 5P table; furthermore, specialists are the only emplovees
with a 3-digit employee number.

R2Z7: The REL table repreaents all past admittances (and no others).

R28: The head nurse of a department must be a nurse belonging o that

department.
RZ%: Head nurses, and only those nurses, "gsupervise" themszelves.

R30: & head specialist is head specialist of his own department {(i.e.,
the department he formally belongs teo) but possibly of other

departments as well.
R31: A current and a past admittance of the same patient do not overlap.

R32: A treatment of 2 patient only happens during an admittance of
that patient (but not on the day of release). In our hospital,
that admittance ig called the underlying admittance of that
treatment.

We give some auxiliary definitions before we define our DB uni-
verse over Ghop.
Ifme IN and n ¢ IN then:

[m.‘njg{kem]mskandksn};

L
-

(m..) (ke ™ | msx}.

If A iz a set, T is a table over A, and a £ & then:

cv(a, T B {tea) | e

Thus, Cv(a,T) is the set of "column values" in the "a-column" of T.
The generalized product of a set function - see chapter 0 - will

e written in the form PROD ... END as in

PROD STRT : STRSET, HNR: [%..) END
which stands for H(FO) whare FO is the set function { (8TRT;S$TRSET) .,
(mNm: [1..3)).

In our DB universe, STRT stands for "street" and HME for "house
number”. The set STRSET will be left unspecified but might be son-
ceived of a5 some set of strings, #.g., the zet of all sequences over

some (charxacter) set C.
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on the following pages, we glve a stepwise bulldup of cur nen-
trivial DB universe Uhsp over Ghsp. By D1.4, <Ghsp;Uhsp® is an example
of & type 1 madel.

For referential purposes, the formal counterparts of the fore-

mentioned requirements (frem the tenth one on) will he indicated by a

corresponding nuuker,

e
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A_2_ A nontrivial type 2 model

We will "extend" the type 1 model <Ghsp;Uhsp> to a type ¥ model
with 21 distinguished DR functiong. The funstion Hhap introduces 21
connector indices - see section 1.2 - together with their scurce

index and their target index:

Hhep (NRS-EMP) = (NRS;EMF) Hhsp (DFT-NRS) = (DET;NRS)
HEhsp {NRS-DPT) = (MRS;DBT) Hhep (DPT-5P) = (DPT;SP)
ghep (NRS-NRS) = (NRS;NRS) Hhsp (RM-DPT) = (RM;D¥T)
Hhap (SP-EMF} = (SP;EMP) Hhsp (ME-F) w (MP;P)
Hhsp (SP-DPT) = (3P;DET) Hhep (MF-5P) = (MP;&F)
Hhap (SF-3P} = {SP;5PB) Hhep (MP-M) = (MP;M)
Hhsp (ADM-B) = (ADM;P) Ehsp (PT-F) = (PT;P)
Hhep (ADM-SP) = (ADM;$F) Hhsp (FT-TM) = (PT;TM)
Hhsp (ADM-RM) = (ADM;RM} Hhsp (PT-38) = (PT;5P)
Hhsp (RET-ADM] = (REL;ADM) Hhep (PT-AST} = (PT;SP)
Hhep (PT-ADM) = (PT;ADM)
summarized informally: Hhsp(u-B) = (0;B), except for PT-AST.

According te D1.3 we still have to define an "interpretation
function” Thsp over dom{Hhsp). This function tells which DB function
each connector index stands for. Foxr 19 of the 21 connector indices C,
the DB function Thep(C) is an instance of the "gtandard” situation
desoribed after example 1.3, For REL-ADM, however, the hEoreign key"
congists of hJo attributes and for PT-ADM there iz not even a "forelgn
key". Mevertheless, the relation Ihsp(PT-ADM) (v}, which i= defined
below, happens to be a fumetion ever v(PT). This can be proved by
using the definitien of Uhsp, wore specifically, by using the formal
requirements (FR32), (FR16), (FR17), and (FR31).

For any type 1 model <g;U%, v e U, M ¢ demi{g}, a ¢ g(M),

D ¢ @mmig), and a' ¢ g(D), we define the following special variant of

an equi—join (s£. [Ul 800):

Speqiv,i,a,0,a') 2 {1t:E") ¢ vi) % v | £@) =t .
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The definitien of Ihsp now runs As follows: For every v € Uhsp we

define
Ihsp (NRS-EMP) (v) = Speq(v,NRS, NNR,EMP, ENR)
Ihep (NRS-DET) (v) = Spag(v,NRS,DNR,DFT,DNR)

Ihsp (NRS-NRS} (V) speqg (v, NRS, SVNR, NRS ,NNR)

Thsp (5P-EMP) (V) w Speq(v,5F,ENR,EMF,ENR)

Ihsp (SP-DET) (v) = Speq(v,3P,DNR,DPT,DNR)
Ihsp (SP-8F) (v} = Spag(v.S5P,LOC,5F,ENR)
Ihsp (ADM=F) (v) = Spaq(v,AhM, PNR, P, PNR)
Ihsp (ADM=8P) (v) = Speq(v,ADM, 5NR, &P, ENR)

Thep (ADM-FM) (v) = Speg(v,ADM,RNR,RM,RNR)

IThep (REL-ADM) (v) =
{(t;t') e wirgL) = viapM) | ¢ | {PNR,INDTE} = t* [ {pN®,INDTE}}

Ihsp(DPT=NRS) (v} = Speq(v,DPT,NNR,NRS, NNR}

Ihsp (DPT-8P) (v) = $peq(v,bPT,ENR, 5P ,ENR)
Ihep (RM-DPT) {v) = Speq(v,RM,DNR,DPT,DNR)
Thep (MP=F) (v) = gpeqg (v, MP,PNR,F,PNR)

Thep (MP-SR) (V) = Speqg(v,MP,ENR,SP,ENR)

Thap (MP-M} (v} = Speq |v,MP,MCD M, MCD)
Lhzp (PT-F) (v) = Speq(v,PT,PNR,P,ENR)
Ihsp (PT-TM) {v) = Speq!v,PT,TCD, TM,TCH)
Thap {PT=5P) {v) = Bped(v,PT,5NR,5F,EHR)

Thsp (PT-AST) (v) = Speg{v,PT,ASNR,SP,ENR)

Thsp (PT=-ADM) (v}
{(e:t") ¢ v(PT) % v(ADM} | t(PMNR) = &' (PNR) and
t' (INOTE) 2 t(DTE) and
if t'{ARCH) = 1 than
Frav (REL) ¢
(r | (ONR,INDTE} = t' [ {PNR,INDTE} and
t(DTE) « x (RDTE))}

12]



It follows from the definition of Bhsp and Ihsp that
<Chsp;Hhsp;Uhsp; Thep> iz an example of a type 2 medell

The functions Ihsp(NRS-EME) (v), Ihsp(SP-EMP)(¥), and
Thep (REL-BDM) (V) are ong—to-ome since the "foreign keys" {NNR}, {ENR!,
and {rN®R,INDTE} are keys toe (for the scurce indices NRS, 5F, and REL,
respectively) . We note that the coneept of generalization applies here;
see [8% 771

We further note that the function Thep (DPT-NRS) (v) i1s also one-to-
ohe, Thiz is a consequence of the formal reguirement (FR28). (Ansther
consequence of (FR28) is that {NMR} iz alse a2 key for DPT in
4Chsp;Uhsp* even though this was not explicitly regquired!)

It is easily checked that thsp(PT-F) (v) is the composition of
Thsp (ADM=P) (v) after Ihsp(PT-ADM) {v). Furthexmore, the composition of
Ihsp (NRS-DPT) (v} aftoy Ihep(DPT-NRS) (v) iz the identity function on
y(DPT) ; thia follows from (FR28) again.

Finally, let £ be the function Thsp (DET-SF) (v): then
£, = fV © Thap (SP-DPT) (v) « fv. begause of (FR30).

The following pictures summarize much of the foregoing discussion.
The first picture indicates the "direction" of the 21 distinguished
DE functions; the four cne-te-one functions are indicated by a "dashed”
arrow (e— 4 3 w.e ), The egquation

Thep (PT-F) (v) = Ihsp(ADM-F){v) = Ihsp(PT-ADM) (v]

is indicated by the symbol (@ in the "triangle" concerned. The other
two eguations are represented by separate pictures. (In other branches

of mathematics, thess picturss are known as commutqtive diagrams.)



v {EMP)

v (BPT) v (DPT) v{DPT) v {FF)

i'd\r(llP'I')

A.3. A nontrivial fragment of English

In this section we give a fragment of English relevant to the
hogpital database just introduced. This fragment mercly serves as an
iilustration and igs net intendad to account for each and every word or
phrase in English that might be relevant to this hespital. The
application-dependent production rules presented here must, of course,
be uged in combination with the rule forms given in sectiens 7.1 and
7.3,

The translation of the present fragment is given in section A.4.

123



405123008 AU} JO J2quRU}
Aagunl JusaIrdap |

Jaquny =

f310]
s524ppe!

Wl =

RS

daquiny =::

M01e) ShSIYL
dnoub poo|q
X5

£

SSEIppPE |

Ry

Y1419 30 aep|
JS2guenia

poueLepe FuLfitapun
43U} I5SE

4s1|eyoads Euljeas)
1aelgns

EOTRTEENS

3s5yie108ds Burgpissald

joafgns ==
1aiqng =
Jaelzads J|gisundial = ¢

<QUT BN HW >

<IFS dWA I

<QOT ! JHE LU
Amumnwm_mv
<Batarae-
Aﬂ“m.‘mﬁv

<IISIdigg

SUTig AN

<R f LA 0>
<d5 ! Idtd>
<d5irdina-
< & nd>
<W M T >
a5 dH >
< Fdk ! >
<d fWON A

<d§HOE 0>

BES
BFS
LFS
L

[
£Fs
s
TS
OFs
BES
BES
LLE
S
<£3
FLs

£ES
ZES
1£8
Qs
BES
8Es
LEs
9E5
575

5h|epoads peay =: -
BSANN pEBY =1 :
[SuAduayjwnae] =::
puaunledep =::
ELLITNEL UL AR
Jusguedap =::

snoaabuey =::

LTI

3sed =::

B3l
| eway

unijdpazsaad{au) appaul
EEITE "]

g ey [1uaiged)
ELE L L

asea |9+

BIURT} JUDE

weod Bupsanu
Juduyiudap
1siLeroads

agInu

dafe [ dus

138fqns | yuziqed

G TS IHE>

[

I

<dSEdO T
<S¥N T30 N>
<dSid5d>
<EdQ{dsiNg>
<SAM ! S8 ¢ (b >
<LdafsdArnd>

<WIra-

<HOE [

<Jimg>

<dRITS HE>
<{TE fpeE>
<X T8 2Ng>
<L YE iNg>
<1 1S R
<HE¥ {15 THa>
<S¢ TS N>
<ILAG! TS tHE>
<dgiT5:ng>
SN TS il
cdiE TS N>

<df T3 Ha>

<odTd e

tes
ELE
ZZ8
128
Qzs
615

BIS
Ls
q15
515
YIS

tis
Z1s
EIS
ors

124




$pag 4O A3quAN B30} Ay} = ¢ <uTeEss
o |a|vlpg=: <Eqane

< XRUDZ< ST TRUDS |
<"IRUD> =3:i  <IST[ABYO

<3ETTIRUD> |

rapmm.ﬁ.hmﬂnvq =i AH—MHMUV

PEET S <yUTEFI>

40 WEp WY (30 fIB] =2 <otoa

epoy =i <IISidUigys
Azuenbaag |
yibuz) |

a3ep Bupgarys =::  <wTidaiEw
j05 |
Iwu|

apay =:: PECTEITSTE

3poo JabuRp = <IUTIMIEW
Wood JUBLEaLY |

Bpoo[juswIeasy} =::  <IasildfEes
Ybua|
aRp[queuiEasy] |

JUSFTISSE By 4O Jaqun|
351300084 Burjeadl uY Jo Jogunu|
430fqns ayy 4O sAqUNM =i <30T LG PHM>

13

668
LGS
968
965
s
68

268

168
ul=
cas
868
LBS
995
<as
85
88

158
088
BLS
L8
LLS

03|

el

BPOY =i <IISIMLIRNS
d3MER =11 SUTIMLEN

qUNCLE FILoAu) |
sLk3 (A Jo ep|
 FoueRyjupe go aep|
32afgns a3 Jo Jaqum|
Jorpary pupLyed =1 <UTITEI TS
: NALBIL =5
FIEIINDT Jo 2P|
SR oo |
311910308 Sqrsundsad ayy Jo dagami|
3oaMqns ay3 Jo Jequeu|
JBQURU FUBPINT =11 ATTIRTEIHTE
Spag 0 Jaqunu|
Jaqunu Jusatrdap|
AV HOOA =3¢ CRUETIRIINYY
FNRY =P xS LdaiEYs
311010003 pusy ay3 Jo Jaqunll|
25JnU paay &Y} 30 Jequnu|
JIqEN =3 F $3UTLLAAIE>
BT H
$paq 4o Jequni|
3G B4} O Joguenl|
Jaguny yuaecpapdap|
JIQEDL =iF <FUTEIS s

LES TR

9Ls
ois
BiE
£Ls
Tis
ILs
LS
595
$9S
£9s
995
595
Fag
£98
zos
195
035
655
a5
rss
355
]
pos
£58
Z5s
15s
(1)

125



<Idaifa> o=

<k I
<IAQiHd> g =i <d5i0d>

<SHHTNA> 0 UepslA4adns Japun|
<Id0fiar 0 =37 <SHMNI0d>

<WIiMINDzeniaEr gRIm]

<dgd g0 < g zumlm

<SR DA <L K] M|
mvwn <IUTIEI> NFIM =0f <LadfPd>

S30ER <3uT7ED> h_n_

Agp ' sYLUR <30T JO|

B3} Jad SYMIR <ITiED 3O

Aep € sagy <uT!EDe A0y

o ShEp <IUTiE0> A0y
<AOTIE JOquDU 35§ [R108d3 yiim|
<qUTiEDs Jaqunu Jualled Jof|
<TIS:E3> eped {IWIIpA] o =7 <dWilds
<Guriads aped Jabuzp s

<I3EIF0> A0S S0 =51 <Hfld=
L TFIUEE <IULIRD> 10|
<IISIED> WOOL JUAIEILG Ul
<IUT 0 JBGERD JUILSISSE U IN]
ATTIE0- JAGUNM 35| 1213845 yimj
<IUT{AED> daqunu JUFNGEd 43 Im |

<IASTHI> JPET YIIM =13 <Edild>

< I35 T T JJos .ﬁﬂ =17 SHILird>

<TETIED> JOqUnU WOGE 04 |
<IUTIED> JAQUR 331210843 WM =ic <kaninds

ESTS
£4915
§518
os1s

RIS
BFIS
[ 5453
9¥ TS
SF1S
PEIS
PIF
ThIs
1715
CE1s
8018
813
LE1S
at1s
ST 15
FETS
£ETS
Zrrs
ifls
DETS
ETIS
gTIE
LEIE

TUTraoe Jeqund 3Ua138d YIEN|
<I¥S'HI> [JO UOSEBd] 40f =:F
Spaq <AuTia0> y}IM|
STUT AT JIQUAN JuMCIedAp Y11 =3
paq <SAETTED> Y|
AT rEDs JIqhDY JUMNGLRdAp Giak =i
<CIUT D> J3GUMU JUBRJIRDID Ylim =1t
<FISED> Wody|

<I}SEI> PAILND =%
IS e EﬁLhm
<T}SiEg> po] 82|

<Bqrap> gnoab pooLg WM =1:

GREPIED> WO <ATHA> O <TIHITS (NE> Sy} =i
<PATPIED> MO <dind> JO <HOVITEINE> BY) =37

<XYsiAr<n TSING> A}
<IFS4EDH<HITS INA> =it

WL TS IME- <35 AR A |
<TISEI> APOI YR IM <HETTSTHE> auy|

IS <KL TSiHg> =5 °

<140 TE HE>< 13530 Y|

<JUT ! E><AdaiTS HEs =F:

UTI A0 <L I TS e =1t

CUT IO <dFETS LHEs =10

<IUT HD><SBRE TS THEr =15

YT Er<dWE TR i =08

<IUT:EDe ABQUENM 43IM <diTSFHEs R

cQUT e <d I TSTHES =57

<HIY TG

<Haird>

<8 0d>
<544 d >

<dWH D

<& f0d>

<133 P 3d >
<RI L 3d>

<kl AT

<HL!Hd>

<L Ed
<K 2 Ad>
<45t ad>
<SdH 2>

<{HH ! Hd>

«d?E >

Aty
[t
FZIS
ETIS
ZTI5
134
[UAES
618
BITS
L1is
A
3118

FITS
ET18
[
irs
OTIs
L] £
8018
LaTs
3015
SOIE
FOLS
t0Is
e ] £
Tars
CoTs

126




44|
va <gdd>
A3np <gdde<iine =i: <dsiffAT
eAyy =t <Edins
SBAI| =3 <IF i
<TISEEI> W) <HEIT> =it <dWE AT >
<I3S 3 1T} efligy =21 B ELEFS P
pasenjRd <iin> < TEd AT
pag usad <dHI*dEtad>

pash <dM W dd>
ausbugpun =::  <IA’WAE(diddx
peadogand =:: <IdfALidSidd>
P ISR =3 <L4*dF EFidad>

pRIEa4y
PRILUPE =13 <MW didgidd>

<Id dEF Gd>

BABY =11 <1t
ey =:: <ISif:
adam =i <TEiN>
seq =:: <IEim>

<a0folidde > =50 < 0 0 ILINIET

<1t
[ Hd> ._nﬁﬂ.n.‘onﬁ dr<tigy =532 <G BEDRIpEs

aozs
BETS
il e

LoT8
9615
SETE
FETS

€615

Z615
1615
BETS
6815
BaTs
1815
9B1E

5618
e1s
te1E
CHIS

8431
og1s

<diNd> 8}]
sfep <aUT:m> gy =:
<BIBPI AL |
<HOY!RL> Eustnp|
<TISIEI> W00d UMY REdY L =
cajepipgrs =¢

<BIBPI AL |
<Ida¢Hd> 03|
<HIiNd> 8|
<XEYE I o LﬂL

<BYEPIAL> =

CRRPPIAD>

h

BYEPIALS

<BYBPIAL>

<dHd> hb =:
<IAIHI> 97
<HE{Hd> Y|
<dsifd> Ay
<difd> 40 =i
< THa> Sulanp|
<d§:Nd> g paysEsse|
<35> K|
«diMd> 48 =1
«difd> by
<dgiHa> £y
<WiNd> 3O =%

<dH? AR

<Ld A
T AN

<KW AN
<dH:rd>
<Ldérds>
< I O

<MWY { [d>

il SR b

<WO¥ f 0d>

<Rd" M

<dH?rd>

BLIS
gLIS
LLTIS
LIS
SLIS
TLIS
£L15
iLls
TL1S
QL5

6315
g915
L9115
9918

5915
va1s
£918
Za1s
1915
091s
6515
2518
LSES
9515
SS15
SIS

127



B.4. Translating the nontrivial fragment of English

In this section we give translation rules for cach of the produc-

tion rules intreduced in section A3

501

502 -

S515:

si6:

s17:

£18:

g14 -

534 -

128

M(x,us) a M, ) .

513: In each ¢f these cazes, the root label of the derivation
tree iz of the form <BN;2i;o>. The translatien of guch a deriva-
vion bree @ ih combination with a placeholder x of type ¢ is as

follows:

Mz, = x € Yo

M(x, female) = ((=5X) = §)
ix, male) - ((oSX) = )
M(x, past) = {{x.ARCH) = 1)

Mex,currenty = ((x.ARCH) = 0)
#(x,dongerous) = ({x.DECD) 2 16)

833: In each of these cases, the root label of the derivatien
tres ig of the form <FU;F:;0'x, The translation of such a deriva-
tion tree o is of the [orm

M - Yo
where € is a connector index with source index ¢ and target
index o', i.e.,, C & dom{Hhsp) and Bhep(C) = (d;c0'). For each of

the 15 cases, the corresponding connector index is glven below.

519 DRS~DPT 323 DPT-NRS z27 MP-P 530 PT-P

520 DNRS-NRS s24  DPT-SP 528 Mp-5P 331 PT-SP
521 SP-DPT 225 ADM-SP 320 MP-M g3z PT-AST
522 SP-Sp s26  ADM-P 532 PT-AOM

591: The translation of a derivation tree ¢ with & root lakel of
the form <AR;U;u'® will result in an attribute of the table index
9, L.e., M{a) ¢ Ghap(o). #or sach of the 58 cases, M{a) is given

below.



592

593

594 -

595

s34 PWR | 546 CTY 558 DM s70 INDTE se2 TCp
535 BOT | 547 NNR 559 RNR 571 RDVE 583 TRM

536 MM 543 PNR 560 DWR 572 TNVAM s84 QGCD
%37 AD | 549 SYNR | se1 NB 573 TAR 585 WD
538 CTY | 350 ENR | s62 PANR 574 TR S86  MNM
539 8% s51 ONR | =63 PNR 575 THAM £87 WMSRT
40 BLG | s52 LoC 64 SNR 576 TSRT ggg OTE
s41 RHF | s53 NB 365 RNR 577 PHR ag9  |LENGTH
s4z ENR | 54 OND s66 INDTE | 578 SNR se0 FD

=43 SAL | ss5 DNR 567 RSN 579  ASNR 591 MCD
544 HM s56  NNR s68  PNR a0 DTE
s45 AD 557 ENR | s83 PR 581 LENGTH

Mix,2) = x

The zet of "integer-valued" conztant expressions will be the
language generated by the grammar presented in exammle 3.1.
strictly speaking, the 16 production gules ¢f that grammar must

be added here as wall. The translatien rule for 583 is
Mia) = Fala)

Thusg, M{2) will be the frontier of the tree a (see chapter 3),
i.e., the original text.

Mika?) = $Fn(a)?

Mia) = *Fu(a)?

596 and £97: The production rules for <char.® still have to be added,

598:

599:

No translaticon rules are needad for 596 and 297, This follows

from the translation rules for 594 and 595.
For each of the 4 cases, the tranzlation is

Mia) = Frtd

M(s) =Z v € "RM: (v.NB)

S100 - @112; Here, cach dezivation tres o with a root label of the

form <FE;jg> has two direct subtrees, namely, a derivation trees g
with root label <BN:E£;U> and a derivation tree y with a root
label of the form <CE;o'>. The translation of o in combination

with a placeholder x of type o iz
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Mzc, ) = a* M, B) A {{,8) 2 H(n) )3

whare b, an attribute of the table index ¢, is given below:

g100 PHNR 5102 ENR
5101 PNR 5103 NNR
s104 ENR

5113, M(x,the o of 8 an v =

g105 RNR

si06  DNR

5107  DNM

My, 8 o« € (VADMaP §nv v} A {(xJINDTE)

5114: M(w, the a of B on ) =

o Hix, o) A {(xRPTE) = Miy)) A ({xPNR)

2108 TCD
5109 TCD
5110 TNM

Min )

S111 MO
5112  MNM

My, &) (v -PNR))?

5ils - 5143: Here, each derivation tree @ with a root labkel of the

form <PJ;0> has one direct subtree, namely, a derivation tree B

with a root label of the form <CE;0">.

combination with a placeholder x of tyne 7 is

Mtx, o) = ({xeb) = M(R))
where b, an attribute of the

5115 BLG | =121 PWR | =127
5116 NM 122 N8 5128
z117 CYY | 123 ONR | =128
sl1e WM z124 NB 2130
s11% CTY | 5125 RSN | =131
2120 ONR | s126 PNR | =132

5144: Mix,of o units a day) = (({x.AMT) % (x,FD)} = M)}

The translatien of @ in

table index &, is given below:

SNR
RNR
TSRT
TCO
R
SR

2123
2134
5135
5136
5137
8138

ASNR
TRM
LENGTH
MSRT
DGCO
Mco

5139
5140
5141
3142
5143

PR
SNR
L.ENGTH
FD
AT

5145 Mix,0f o units) = ([((x-AMT) ¥ (x.FD)) x (2 LENGTH)) = M(a)}

g146: M(x,with o beds) = (M) =X v € (YRM-DPT inv x)t (v.NB))

5147 - &149: Hera, the translation is of the form

Mo, With o) = M{o)y € (VE inv =)z Moy, 8

where C is the "appropriate" connector index:

5147 NRS-DPT
5148 SP-DPT
3145 RM-DPT
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5150 - S5163: Here, esach derivation tree & with & root label of the
form <PJ;0> has one direct subtree, namely, a derivation tres
£ with a reot label of the form <PN;o'>. A correct (but not
"optimal") translation of o ih combination with & wlaceholder x

of type 9 is
Mix, 00 = My, (e @ x) = y)

where € is a comnestor index with source index o and target
index ¢'. For each of the 14 gases, the corresponding connector

index is given below.

5150 NRS-OPT 5154 MP-M 5157 #T-P si61  AM-P
5151 KRS-NRS 5155 MP-5P 51568 PT=5P s162 ADM-SP
5152 SP-DPT slsc  MP-p 5159 PT-RAST s163  ADM-RM
5153 RN-DPT 5160 PT=~ADM

For 13 of the 14 rules - not for 5160 - ((Yc @ x) = v) can
be replaced by ((xca) ; (y-a')) where a and a' are the following

attributes (of the table indices ¢ and o', rescectively):

a al a al
5150 | DNR ONR 8157 | PNR PR
#151 | SYNR | NNR 5158 | SNR ENR
s152 | DNR DNR s159 | ASNR | EMR
5153 | DNR | DNR si6l | PNR | POR
S154 | MCOD | NCD s162 | SNR | EMR
s155 | SNR | EMR c163 | RMR T RNR
5156 | PNR | PNR

s164: Mix,to &) = ey, 61{((VADM-RA @ x).ONR) = (v.00R))
s165: M(x,0f &) = M(y,8) ((xPHR) = (v.PAR))
5166 = 3169; Here, the translation is of the form
Mix,o) = [y = (xep}IM (v, o
where b is the "appropriate" attributa:

siés  INDTE
3167 ROTE
sies  DTE
5165 DIE
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5170 - 8179: We note that each of these adyerbial phrases is also an

appozitive adjectival phrase. This follows from
5125, 5163, £164, 5166, 5167, %134, 5160, s168, 141, and 5156,

respectively. The translation of cach adverbial phrase will be
the same ag the translation of the correspending aonositive

adjectival ghrasze. For instance, by 5141

s178: HM(x,for § days) = ((x.LENGTH) = M(8))

5180 ~ Si81: These rule forms are of a more general nature than the
other productien rules. 5180, in combination with 5182 and S183,
says that an existential intransitive verb phrase can be a past
participle preceded by Was or Were and pessibly followed by by
and a proper noun phrase. (This is the paEsb tense in the pasaive
votee.) 5181, in cembination with 5184 and $18%, =ays that an
existential transitive verb phrase can be a past participle
praecaded by has or have (thus, the present perfsct tense in the
aabive voige).

Because the proper noun phrase 1% optienal in 5180, we had
to split the translation of a past participle in two: For 2
derivation tree B with & root label of the form <PP;rigio’: we
have to define hoth Mx,x',B) and M(g,v,x"), for all y ¢ Plh(T),

% ¢ Plh(s) and x' ¢ Plh(g’). Thus, hoth

Flhig} » Plh{g"} » {8} c dem(M) and

fa) = Plh{T) % Plh{g') c dom(M .

In continuatien of section 8.1, we reguixe that

Mix, ', B) e RestrB(x') and FP,(Hix,x",8)) £ {x,x'}, and

MiB,w,x") « WeB(t) and FPB(M(B.y,x‘)) {y,x'}

In

if B is the CL-kasis for the congeotual language we translate to.

The translation rules for the rule formg %180 and 5181 are:

§180: Mix,x",af)
Mz, x",aR by ¥)

M, B)
(Mg, %7, 8) A My, MB,y,x))

2181 Miy,x,x',08) = (Mix,x',B) A MB,v,x"))

The reason for splitting up now follows from the tranglation

rulcs for 2180,



5182 -~ 5185: No translation rules are neaded here.

5i86 - 5192: We recall that for a derivation tree R with a root label
of the form <BP;T;0;0'>, beth M(x,x",B) and M{E,y,x') have to be
defined; here y € PIh(7}, x & blh(c), and x' £ Plh(c'). oQur

first translation rule is of the form
Mx,x',8) = x' € (vc inv x)
wherg C 15 the "apmxopriate" connector index:

5186 ADM-P sies  PT-5P 130 PT-TM 192 MP-M
5187 PT-p sigs  PT-TM 5191 MP-M

The other trxanzlation rule is of the form:
Mg, vy, %) = {[x.a} = {ysp)}
where a and b are the following attributes:
| 5186 | 5187 ’ 5188 ' 518% i 3190 | 5191 ’ 5162
SHR 'sun Jasmjsmt Ipu« PNR lsun
ENR | ENR ENR | ENR | PNR PNR | ENR

2
b

5193: Mix,x',x released) = x' € YREL A ((x'«PNR) = (x.PNR))

$194: Mix, ¢ in ) = ({x.CTY) = H(g)

§195: MGe,a i0 8) = ({x+CTY) = H(g)

5196 = 5197: Mo translation rules are needed (of. $124 and S195).
§198: Mix,28 duty) = ((x.0N0) = M(p)

5199: Mom =1

s200: Moff) =0
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SAMENVATTING

Dit proefschrift bestaat uit twee delen. In hot eerste des]l worden
diverse wiskundige modellen veoor gegevensbanken gedefinieerd. Het tweede
deel is syntactiseh van aard en gaat ever UVraagtalen voor gegevens—
banker. De semantiek van deze vrg&gtalen berust op de modellen uit

deel I.

In hoofdstuk 1 worden twee conceptuele medellen voor gegevens=
banken geintyoduceerd. Ben type 1 model komt min of mear gvereen met
het xelationele medel waarin dan wgl alle stati;che "integrity con-—
straints" zijn verwerkt. Een type 2 modsl is een type 1 model uitgebraid
met (namen veor) database-funoties. Het begrip database—fﬁnctie épeelt
een gentxake rol; 20 iz het belangrijkste verschil bp concentusel
niveau tussen een gelntegreexrds gegevensbank sn een "losse! veriameling
bestanden de aanwezigheld van database-functies.

In hoofdstuk 2 wordt een wiskundig (onslaglmodel gedefinieerd
waarmee de gemantiek van programma’s werkend on "direct-seguentieel”
toegankelijke gegevengbanken kan worden heschreven,

In het tweede deel - de hoofdstukken 3 t/m 8 = worden drie =oorten
vradgtalen (retrieval languages) beschouwd, te weten programmesrtalen,
conceptuele (of “logische”) talen en fragmenten van een natuurlijke
taal {in dit geval het Engels).

In hoofdstuk 3 worden ten behoeve van de volgende hoofdgtukken
enige basisbegrivpen gedefinieerd betraffende formele grammatica's
(met name kontekstvrije grammatice's en "two-level grammarg").

In hopfdgtuk ¢ woxdt een klasse van conceptuele vraagtalen gedefi-
nieerd die zijn gebazeerd op de type 2 medellen uit hoofdstuk 1, Deze
klasse bevat zowel talen in de stijl van "relational salculus" als
talen in de stijl van "relational algehra™ (maar ook "mengvormen”)

In heofdstuk 5 wordt een grammatica geneven voor een klasse van
"PASCAL-achtige" programmeertalen die ok een kleine maar krachtige
verzameling “database statements" Levatten. De semantisk van daze

statements wordt nitgelegd in termen van het model geintroduceerd in
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hoofdstuk 2. Aan het eind van hoofdstuk 5 wordt een vergelijking
getrokken met twee bestaande programmesrtalen bestemd voor gecevens—
verwerking.

In hoofdstuk & worden vertalingen gegeven van de niet-procedurele
vraagtalen uit hoeofdstuk 4 naar de nreocedurels vraagtalen ult hoofd-
stuk 5. Ex wordt blj de vertalingen ook rekenjing gehouden met het
specifiske database probleem van curpency gonflicten,

In hoofdstuk 7 wordt met behulp van een grammatica de algemene
strugtuur van in het Engels geformuleerde vragen en opdrachten beschre-
ven. Per toepassing moet deze grammatica worden ultgebreld met produc-
tieregels voor de woorden en uitdrukkingen die specifiek ziin voor die
tosnpasging,

In hoofdstuk B wordt een vertaling gegeven van de structuren uit
hoofdstuk 7 naar die uit hoofdstuk 4. Bovendien worden er in naragraaf
8.1 voorschriften gegeven voor de vorm van de vertaling van de per
toepassing toe te voeqen specifieke mroductisrecels.

In het wvolgende schema wordt nog eens kort weergegeven in welke
hoofdstukken de diverse talen en vertalingen worden behandeld; NT, CT
en PT staan hierin achtereenvelgens voor natuarlijke tazl, conceptuele

taal an programmesrtaal.

be appendix dient ter illustratie. Aan de hand van een (gefingeex-
de) ziekenhuls-organisatie worden een type 1 model en een tvoe 2 model
met 2an redelifke mate van complexiteit gedefinieerd. Bovendien wordt
er een voor deze ziekenhuistoewassing geschikte nithrelding wvan de
gramnatica uit hoofdstuk 7 gegeven. Tenslotte wordt dit Engelss frag-
ment vertaald naar een vraagtaal ov conceptueel niveau. De vertaling is

in overcenstemsing met de richtlijmen uit hoofdstuk £.
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STELLINGEN

De stelling van Sagiv, Deleobel, Parker en Fagin dat voor Boole-
afhankelijkheden logische consequentie en database conseguentisa
squivalent zijn, is onjulst.

¥y, Sagiv, C. Delobel, D.S. Parker en . Pagin:

An equivalence between relational dependencies and a fragment

of propesitional legic.
Journal of the ACM 28 (1980), 435-453.

.0, de Rrock: On complete proof systems, with an application to

positive and Boolean dependencies in database relations.
Memorandum, onderafd. WSK/T, TH Eindhoven, 19872,

Verzamelingenlesr is het middel bij uitatek wvoor het definidren

van database~modellen.

peel I van dit proefschrift.

Het automatisch vertalen van een opdracht in natuurlijke taal naar
e computerprogramms dat die opdracht uitveoert, kan op een over-

ztchtelijke en wiskundig goed onderhouwde manler gehbeuren.

peal I wan dit prosfechrift,

Met behulp van “twe-level grammars” kunnan grote delen van natuur-
liike talen op cen natuurliike wijze worden beszchreven. De lap-
middelen van de transformationcle grammatica ziin derhalve over-

bodig.

Hoofdstuk 7 van dit proefschrift.

rurrenoy-conflicten kunnen op een systematische manier worden

opgelost.

moofdstukken 5 en & van dit proefschrift.



10.

11.

Het in de database-literatuur voorkomende begrip "eerste normaal=-
vorm" (en daarmee ook elke daarcp gebaseerde nermaalverm) is niet

goed gedefinieerd,

Bot is opmerkelijk dat vrijwel alle toenaangevends lesyboeken ap
het gebied van databases nog altijd beginnen met sen hoofdstuk

over "physical organization™.

Het classificaren van cbiectsvstemen in de praktijk (zoals bij-
voorbeeld persoonsxegistratisgystemen, archiefsystemen, veorrasd—
systemen en stuklljstsystemen) is niet de aangewezen werkwijze om

te komen tot een fundamentele theorie van gegevenzmade llen.

Voor te veel "optimizers" is de naam “optimizexr" veal te optimisg=

tisch.

De lege verzameling speelt vask een groteres rol dan haar omvang

doet vexrmoedan.

De elfde stelling is bij uitstek geschikt als schertastelling.



